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Skin cancer is the most common cancer in New Zealand/Aotearoa and the incidence of 
melanoma, the most serious form of skin cancer, is amongst the highest in the world. 
Overexposure to ultraviolet radiation (UVR) causes over 90% of all skin cancers. It is also 
implicated in eye health issues, such as cataract and pterygium. Teenagers have been identified 
as an at-risk group for sun exposure because they experience higher levels of sunburn and have 
lower uptake of sun protection measures compared with other age groups. Secondary school 
sports participation has many associated benefits, but some outdoor summer sport settings have 
a high UVR exposure profile. There is little evidence that sun protection policies and guidelines 
are currently embedded at secondary school level or are adopted by summer sports 
organisations. Sun protection usually remains the responsibility of the competitor. This thesis 
relates to the secondary school sport of competitive rowing. It considers both the UVR 
environment within which secondary school rowers compete and the current use of visible sun 
protection by participants during competition.  
Methods 
The empirical contribution in this thesis is organised into two parts. The first measures personal 
UVR exposure using dosimeters positioned on the shoulder of rowers at six regattas held during 
the 2018-19 and 2019-20 Austral summer seasons. Second, a database of photographs of rowing 
crews at the race start line afforded comprehensive insights into the use of visible sun protective 
headwear, sunglasses and clothing by competitors.  
Results 
Dosimeter measurements included standard erythemal dose (where 1 SED equals 100 joules 
per m2), SED per hour and percentage ambient UVR. Over two-thirds (67.2%) of individual 
race-times, which is defined as the total time on the water in order to compete in a rowing race 
recorded a SED in excess of the Australian Radiation Protection and Nuclear Safety Agency 
recommendation of 1 SED per day. In addition, 24.1% of race-times equalled or exceeded 1.5 
SED, which is the UVR dose estimated to cause just perceivable sunburn in individuals with 
light coloured skin. The median SED per hour for the five rowing regattas held at Lake 
Ruataniwha ranged from 0.97-2.37 SED per hour and the median percentage ambient ranged 
from 17–35%. 
 iv 
The photographic analysis indicated an established culture of cap wearing amongst rowers. In 
addition, approximately one-third of competitors wore sunglasses. However, one-fifth of 
competitors wore no headwear or eye protection and younger age groups were observed using 
the least visible sun protection. Females demonstrated a propensity to wear visors that offer 
even less sun protection than caps during competition. The use of protective clothing under the 
rowing zootie was almost non-existent. However, coxswains were well protected with 
headwear, sunglasses and clothing. 
Conclusions 
Applying these findings to the Ottawa Charter conceptual framework for health promotion 
highlights the need for a multifaceted approach if improvements in the use of sun protection by 
secondary school rowing students is to be achieved. The documented UVR exposure and 
concurrent information about visible sun protection use provides the opportunity for targeted 
sun protection strategies to be implemented in the sport of rowing. Targeting the most junior 
rowers with interventions to improve use of headwear and sunglasses would be a suitable 
starting point, but leadership from the national rowing body will be required to lift the 20% of 
rowers who currently do not use any form of headwear or sunglasses to routine adoption of sun 
protection for racing. Implementing best practice guidelines, including phasing out the use of 
visors and encouraging the use of sleeved tops to the start line, will improve not only the short-
term health of secondary student rowers but should also reduce the long-term risks from 
overexposure to UVR. The recommendations arising from this research do not extend to the 
use of sunscreen. Best practice guidelines would, however, need to cover all five sun protection 
measures which, in addition to the ones studied here, include sunscreen use when competing 
and use of shade between races. Rowing is a unique and rewarding sport and secondary students 
should be able to receive the benefits associated with participation without the harms associated 
with overexposure to the Sun. 
Like most summer outdoor sports in Aotearoa, Rowing New Zealand does not currently have 
a sun protection policy. The development of such a policy that aims to establish habitual sun 
protection practices on the part of all participants appears to be a necessary response to the 
personal UVR exposure doses reported in this thesis. Only then will the long-term wellbeing of 
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 Chapter 1: Introduction to the properties and  
health impacts of solar ultraviolet radiation  
In this chapter the thesis topic is introduced before characteristics of solar ultraviolet radiation 
(UVR) are described and the factors influencing the amount of UVR that reaches a specific 
location at the Earth’s surface are reviewed. The chapter addresses how UVR is measured and 
then describes the UVR environment in Aotearoa/New Zealand (hereafter Aotearoa). The 
potential health impacts of UVR on the skin and the eyes and the consequent public health 
concerns are then introduced.  
1.1 Introduction 
Skin cancer rates amongst individuals with light coloured skin have been increasing globally 
over the last decades.1 Most skin cancers are caused by overexposure to UVR from sunlight.2 
Although some sun exposure is important for maintaining healthy levels of vitamin D, 
overexposure to the Sun’s UVR can cause deoxyribonucleic acid (DNA) damage to the skin.3 
When the DNA is altered, normal skin cell growth can be interrupted leading to skin cancer. 
Sunburn during childhood is a risk factor for the development of melanoma skin cancer later in 
life.4 The risk increases with both the number of sunburns and the severity of sunburn.5 
Cumulative sun exposure is most closely related to keratinocyte skin cancers.6 Preventing 
episodes of sunburn and overexposure to solar UVR in childhood and adolescence is important 
to reducing the incidence of skin cancer later in life.7 It may also improve eye health as over 
exposure to UVR is implicated in ocular conditions, including cortical cataracts and pterygium.3 
Skin cancer is the most common cancer in Aotearoa.7 The combination of relatively high levels 
of summer ambient UVR (when compared with similar latitudes in the northern hemisphere), 
a population demographic that includes people with light coloured skin and the popularity of 
outdoor life styles contribute to the high rates of skin cancer. This thesis will focus on the UVR 
exposure secondary school rowing students receive during competition at rowing regattas, in 
order to ascertain if this UVR exposure has the potential to cause harm. It will also consider 
current use of visible sun protection measures (the use	of headwear, sunglasses and clothing).	
1.2 Ultraviolet radiation 
Sunlight is the main source of UVR on Earth. It begins with nuclear reactions within the Sun 
which is composed primarily of hydrogen and helium gases. The energy generated from these 
reactions travels outwards to the photosphere and it is this layer that emits the solar UVR that 
we receive here on Earth.8 People can also be exposed to UVR from artificial sources, such as 
 2 
welding torches and sunbeds. UVR is part of the electromagnetic spectrum (EMS). In scientific 
discourse, this spectrum is routinely divided by regions of decreasing wavelength and 
increasing energy (Figure 1.1).9 
 
Figure 1.1 Parts of the electromagnetic spectrum (source: University of Waikato. All Rights 
Reserved | https:sciencelearn.org.nz, reproduced with permission 8 April 2020) 
 
UVR has more energy than visible light and less energy than x-rays. The ultraviolet, visible and 
infrared portions of the EMS are collectively known as optical radiation and cover 100 
nanometres-1 millimetre of wavelength. Each of these regions within the EMS has different 
properties. Infrared energy is felt as heat and visible light is perceived by the human eye. 
Conversely, UVR is neither felt nor seen by humans with normal vision.  
The Latin prefix “ultra” means beyond. In the case of UVR, it refers to wavelengths beyond the 
blue/violet component of visible light. UVR is commonly further broken down into UVA (400-
320nm), UVB (320-290nm) and UVC (290-100nm).10 The nominated bands are arbitrary and 
as such vary slightly between scientific disciplines.11 Of the Sun’s radiation that reaches the 
Earth’s surface, only about 5% is in the UVR range.12 Almost all (approximately 95%) of the 
UVR that does reach the Earth’s surface is in the form of UVA.6 The remaining nearly 5% is 
UVB.  
1.3 Factors affecting UVR at specific sites at the Earth’s surface 
Upon entering the Earth’s atmosphere, UVR can be modified causing it to be scattered, 
absorbed or reflected. A combination of physical and environmental factors determines the 
level of UVR at any location, at any particular time.13 These factors include solar elevation, 
Earth-Sun distance, ozone levels, weather conditions (such as cloud cover), aerosols in the air, 
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altitude and surface reflections.14 Underlying all of these factors, the Sun continues to rotate 
through an eleven year solar cycle of its own which also influences (albeit modestly) the amount 
of UVR at the Earth’s surface.15 
1.3.1 Solar elevation 
The most important factor determining the level of UVR reaching the Earth’s surface (in 
cloudless conditions) is solar elevation, that is, how high the Sun is in the sky above the 
horizon.11 It is solar elevation that is primarily responsible for diurnal, seasonal and latitudinal 
differences in UVR. UVR levels are highest in equatorial regions.11 In general, the Sun is higher 
in the sky during summer, therefore the UVR reaching the surface of the Earth is more 
concentrated than in winter when it is spread out over a larger geographical area.16 
No matter what season it is, there is always less UVR at sunrise and sunset than in the middle 
of the day.16 When the Sun is near the horizon, UVR has a longer path to travel (with more 
opportunity for it to be modified by absorption and scattering) before reaching the surface of 
the Earth, than when it is directly overhead. That is why UVR peaks at solar noon each day 
when the Sun reaches its Zenith.17,18 Throughout the course of the day, the rotation of the Earth 
causes the Sun to change its position in the sky, appearing to ‘rise’ from the eastern horizon, 
and gain altitude as it travels across the sky and then ‘set’ below the western horizon. When it 
reaches the top of the arc, the Sun crosses an imaginary line (the celestial meridian) running 
from due south to due north (longitude) passing through a point directly overhead, the Zenith. 
The Solar Zenith angle (SZA) is the angle between the Zenith and the centre of the Sun’s disk.19 
Sunrise and sunset occur when the Zenith angle is approximately 90 degrees. All meridians 
converge at the North and South poles so these points are unique in that they do not have a 
longitude. Therefore, there is no solar noon at the poles because there is no meridian for the sun 
to cross.  
1.3.2 Earth-Sun distance 
Another astronomical factor influencing the level of UVR on Earth is variation in the Earth-
Sun distance. Earth’s orbit of the Sun is a slightly elongated ellipse rather than a perfect circle 
(Figure 1.2). In the Southern hemisphere, the Earth and the Sun are at their closest point in early 
January. This is called ‘perihelion’, which is Greek for ‘close to the Sun’. In contrast, the 
maximum distance (aphelion) is reached early in July. The difference in Earth-Sun distance 
between perihelion and aphelion is about 3.4% which accounts for about 6.9% of elevated 
levels of UVR.8,13 
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Figure 1.2 Earth’s orbit around the Sun showing the difference in Earth-Sun distance across the 
seasons between hemispheres (adapted from JPL.NASA.gov) 
1.3.3 Ozone levels 
Of the various layers of atmosphere, stratospheric ozone is considered the most important layer 
with regard to UVR protection as it absorbs all of the UVC and most of the shorter wavelength 
component of UVB from reaching the Earth’s surface. Ozone is largely produced when high 
energy solar protons break apart oxygen molecules. The released single oxygen atom bonds 
with intact oxygen (02) to form a single molecule (03). Latitude, longitude and seasonal 
variation all influence the amount of ozone at any location. Total column ozone is 
approximately 3.3mm thick and fluctuations in thickness depend also on chemical processes, 
atmospheric dynamics, temperature, solar activity and volcanic eruptions.20 It is generally 
lowest at the equator and highest in polar regions.21 Due to different forces of circulation there 
is slightly less ozone protection in the Southern hemisphere compared to the Northern 
hemisphere.22 
Although the level of ozone in the atmosphere is a naturally occurring phenomenon, it has been 
altered in recent decades by human activity, principally the use of chlorofluorocarbons and 
halogen gases. Anthropogenic ozone depletion is a global issue and the Montreal Protocol 
(August 1987) with its subsequent amendments is an internationally agreed response to 
protecting ozone by phasing out the manufacture and use of known ozone depleting substances. 
The effect of climate change on the ozone column is an evolving area of complex science which 
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is not fully understood.23 What is certain is that it will take decades for ozone to fully recover 
and return to pre-1980 column levels. It is, therefore, likely that the amount of UVR reaching 
the Earth’s surface (particularly UVB) will remain elevated by historic human industrial 
activities for many years. 
1.3.4 Weather conditions/cloud cover 
Due to their water content, clouds reflect and scatter UVR and they usually reduce clear sky 
UVR. Cloud cover can be measured in oktas (how many eighths of the sky are covered in 
cloud). The amount of attenuation depends on cloud properties such as thickness, type, number 
of cloud layers and where they are relative to the Sun.11 Heavy cloud conditions, when the Sun 
is not visible, can substantially reduce UVR.8 A number of different studies suggest clouds 
reduce clear sky UVR on average by approximately 25-30%.24,25 There are, however, cloud 
conditions that increase the UVR at the Earth’s surface, a phenomenon called ‘cloud 
enhancement’.26 For any particular location, cloud variability has a significant effect on daily 
changes in UVR. 
1.3.5 Aerosols 
Aerosols are small particles in air which have the ability to scatter or absorb solar UVR. High 
altitude aerosols usually have little impact, but occasionally in exceptional circumstances they 
can significantly alter the level of solar UVR reaching the Earth’s surface. The Mount Pinatubo 
eruption in 1991, for example, resulted in elevated sulphate aerosols in the stratosphere and 
temporarily depleted stratospheric ozone, resulting in a temporary increase in UVB. Lower 
altitude aerosols such as smoke from bush fires, dust from storms, aircraft emissions and 
industrial air pollutants can all result in reduced levels of UVR. Heavy air pollution can reduce 
UVR, such that a 10-15% reduction in UVR can occur in urban conditions.15 
1.3.6 Altitude 
Solar UVR increases with altitude.19 At higher altitudes the atmosphere is thinner and therefore, 
there is less opportunity for solar UVR to be scattered and attenuated. Although altitude appears 
to effect UVB more significantly than UVA, studies show that for every 1000m above sea level 
the solar UVR increases by approximately 5-8%.10,27,28  
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1.3.7 Albedo and surface reflectance 
The solar UVR that is reflected from non-atmospheric surfaces such as, snow, water and 
concrete is referred to as albedo or reflected solar UVR. Although these terms are commonly 
referred to in the literature as being interchangeable they can be separately defined.29 In Latin, 
albedo means ‘whiteness’ and is a measure of energy, specifically the ratio of upwelling 
irradiance to incident (downwelling) irradiance.30 Radiation that is not reflected is absorbed by 
the surface. UV albedo specifically refers to the solar UVR associated with natural horizontal 
surfaces where the albedo is not known to change significantly over time. Albedo refers to the 
amount of solar UVR reflected isotropically from a surface. This means that it is independent 
of the irradiance angle and suggests that the reflected irradiance is constant in intensity and that 
it is distributed in all possible directions.29 Clean snow is a good example of this where the 
percentage of reflection has been reported to be as high as 80% of incident solar UVR.29,31 As 
snow melts, its albedo diminishes.32 Oceans, lakes and forests reflect relatively small amounts 
of the incident sunlight and consequently have low albedos.30 The albedo of flat water has been 
reported at about 10-20%.32,33 It has been suggested that the term ‘reflectance’ should be used 
when measuring solar UVR from non-natural surfaces and non-horizontal measurements.29 
Reflectance is a property of a material and it decreases with increasing distance from a surface. 
Albedo and reflection can also contribute to the overall UVR exposure. It may be an important 
consideration in some circumstances, as body sites that do not usually experience high levels 
of UVR, such as under the chin, may be more exposed under certain conditions. While many 
studies have sought to understand the relationship between surface type and albedo/reflection, 
not much is known about the actual contribution made by these factors to an individual’s total 
UVR exposure. 
1.3.8 Direct and diffuse UVR 
UVR in the environment is not only the solar radiation that travels in a straight line from the 
Sun to the Earth’s surface (direct UVR), but a combination of this and diffuse UVR. When 
there is no cloud and the Sun is high in the sky (around solar noon), the proportion of direct 
radiation can be up to 85% of the UVR reaching a given area, leaving diffuse UVR at a much 
lower percentage. As the Sun gets lower in the sky the age of diffuse UVR increases.34 
Pollution, weather conditions and latitude also effect the ratio of direct to diffuse radiation. This 
is because diffuse radiation is solar UVR that has been scattered (in collision with molecules 
and particles that push it off course), but which still reaches the Earth’s surface. Scattering 
varies as a function of the ratio of particle diameters against the wavelength of the UVR. There 
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are three main types of scattering that affect incoming solar radiation; Rayleigh scatter, Mie 
scatter and non-selective scatter. Rayleigh scatter mostly consists of scattering from 
atmospheric gases. Mie scattering is caused by dust, pollen, smoke, pollution and other particles 
in the lower part of the atmosphere. There is greater scattering of the shorter UVB wavelengths 
compared to the longer UVA radiation with both Rayleigh and Mie scattering.35 Non-selective 
scatter scatters all wavelengths equally and is most often caused by water droplets.  
1.4 Assessing exposure dose  
Solar UVR can be measured in radiometric units and expressed as a dose in joules per square 
meter (J.m-2) and dose rate in Watts per square meter (W.m-2).36 These measures relate to the 
energy and the power, respectively, that reaches a horizontal surface. It can also be measured 
spectrally weighted to account for biologically effective UVR. The biological effects of solar 
UVR on the skin are dependent on wavelength.37 The action spectrum for producing erythema 
(the reddening of the skin or sunburn which is used as an indicator of the detrimental health 
effect from UVR) is weighted differently for UVA and UVB.38 The action spectrum for 
synthesis of Vitamin D in the skin, however, is only weighted for UVB radiation as UVA has 
no bearing on the synthesis of Vitamin D.39 Both the intensity of the solar UVR (irradiance) 
and the amount of exposure are therefore important when assessing exposure dose.38 A spectral 
dose rate is the product of the irradiance and the action spectrum. The dose rate provides the 
energy that causes the effect, in this case, erythema.11 The term standard erythemal dose (SED) 
is an internationally recognised  standardised measure of erythemogenic UVR. It has largely 
superseded the minimal erythemal dose (MED) as the preferred measure since 1997, as, unlike 
the MED, SED is independent of skin type. One SED is equivalent to an erythema effective 
radiant exposure of 100 J.m-2.40 It is spectrally weighted with the CIE erythemal action 
spectrum. Ultraviolet radiation can penetrate both the skin and eye tissue to a depth of between 
0.1 and 1 mm.9 The Australian Radiation Protection and Nuclear safety Agency estimates 1 
SED per day to be a safe level of exposure for most people.41 This aligns approximately with 
both the International Commission on Non-Ionizing Radiation Protection (ICNIRP) (1989) and 
The American Conference of Governmental Industrial Hygienists (ACGIH) where an 
occupational safe limit of 30 J.m-2 over an eight-hour period (or about 1.08 SED per day on 
unprotected skin) has been established. This limit considers an average DNA repair capacity in 
the cells. 36,42,43  
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1.5 UVR and Carcinogenicity 
In 1992, the International Agency for Research on Cancer (IARC) evaluated the causal 
association between solar radiation and cancer concluded that: 
… there is sufficient evidence in humans for the carcinogenicity of solar radiation. 
Solar radiation causes cutaneous malignant melanoma, squamous cell carcinoma of 
the skin and basal cell carcinoma of the skin. A positive association has been 
observed between exposure to solar radiation and cancer of the lip, conjunctival 
squamous cell carcinoma and ocular melanoma, based primarily on results 
observed in the choroid and the ciliary body of the eye.44  
These conclusions were reaffirmed in 2012.12 
1.6 The Ultraviolet Index  
Providing information about something that cannot be seen or felt, combined with the complex 
science of variations in UVR and its effect on the skin and eye, make UVR difficult to readily 
translate into sun protection messaging for public dissemination. It was only with the 
development of the Ultraviolet Index (UVI) in the 1990s that skin cancer prevention campaigns 
could more easily inform the public of the changing solar UVR risk each day. Canadian 
scientists first developed the linear scale in 1992 and the UVI was later standardised 
internationally and adopted at a meeting involving the World Health Organisation (WHO), the 
World Meteorological Organisation and the United Nations Environment programme.45,46 The 
UVI is a measure of erythemally weighted UVR at the Earth’s surface.40 It is expressed as a 
unitless whole number and defined as the time weighted average effective UV irradiance in 
W.m-2 multiplied by 40.45 The sun protection messaging associated with the numbers has 
largely been standardised by the WHO INTERSUN programme and, in general, the higher the 
UVI number the more comprehensive the sun protection required. Most public health messages 
adopt a UVI of 3 or above as an indication that sun protection is required (Figure 1.3).47 There 
is an emerging debate in the literature concerning the simplicity of the UVI and whether it 
should be reviewed to recognise the importance of time spent in the Sun.39 Mobile phone apps 
are already paving the way to incorporate new evidence and offer a readily accessible means 
by which to communicate information about UVI, including the location, time, cloud coverage 
as well as incorporating skin type and the duration of time spent in the Sun. Despite 
dissemination of the UVI in media, school sun protection programmes and free mobile apps, it 
is generally recognised that public awareness and understanding of the UVI is poor.39,40  
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Figure 1.3 UVI information card (source: SunSmart Schools print resource, reproduced with 
permission from the Otago Southland Division of the New Zealand Cancer Society)  
1.7 The UVR environment in Aotearoa  
Peak UVR levels in Aotearoa are not considered to be extremely high by world standards.13 
They are, however, approximately 40% higher than at similar latitudes in the northern 
hemisphere (Figure 1.4).25,48 There are three main reasons for this: 
• Aotearoa experiences summer during the perihelion period when the Earth-Sun 
separation is least. The northern hemisphere summer coincides with aphelion;  
• There is less ozone over the southern hemisphere relative to the northern hemisphere 
and, therefore, less protection from incoming UVR; and  
• Aotearoa has relatively clean air (low air pollution) resulting in low levels of UVR 
attenuation caused by aerosols.48 
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Figure 1.4 Map of peak UVI using a modified colour scale to highlight the absolute peaks (source: 
Liley and McKenzie, 2006; reproduced with permission from R McKenzie) 
 
There are large regional and seasonal variations in UVR within Aotearoa. Generally, the further 
north the location, the higher the UVR.49 Seasonal variations are most pronounced in the south, 
where winter levels of UVR are very low. The National Institute of Water and Atmospheric 
Research (NIWA) monitored the UVR levels intermittently at five sites throughout Aotearoa 
between September 1981 and February 2017.50 The NIWA study included Leigh (Auckland 
region and furthest-north location), Paraparaumu (Wellington Region), Christchurch, Lauder 
(Otago region) and Invercargill (southern-most location). As expected, Leigh had the most days 
considered on the UVI scale to be extreme and Invercargill the fewest (three days). Extreme 
levels were also recorded at the other sites - Paraparaumu (45 days), Lauder (30 days) and 
Christchurch (18 days). 
1.8 The Skin 
The skin is the largest organ of the body contributing about 15% of total body weight.51 It is 
the principal interface between the human body and the natural environment.52 The functions 
of the skin can be broadly grouped as protection, heat regulation and sensation. The skin is also 
the site where the body synthesises vitamin D when exposed to UVB radiation through 
conversion of 7-deoxycholesterol to pre-vitamin D3.53 Vitamin D is a fat-soluble vitamin that 
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is important for bone health, skin physiology, immune function and other functions which 
continue to be the subject of scientific investigation. Although vitamin D can be found in foods, 
such as oily fish, skin exposure to sunlight is, by far, the predominant source of Vitamin D in 
humans.54 
1.8.1 The structure of the skin  
The skin is made up of several layers (Figure 1.5). The epidermis is the outermost layer that 
experiences frequent damaging interactions with the external world, making repair and renewal 
processes important. Skin cells, which are replaced hundreds of times during a lifetime, are 
replenished from the bottom of the epidermis. Ninety-five percent of the cells in the epidermis 
are keratinocytes.55 Other cells located in the epidermis include melanocytes (which produce 
the pigment melanin) and Langerhans cells (which have a role in the skins immune system). 
The dermis which lies under the epidermis, is much thicker than it and connected to it by a 
membrane. The dermis contains connective tissue, nerve endings, sweat glands, blood vessels 
and cells such as fibroblasts and mast cells. Collagen and elastin (structural proteins) are also 
found in the dermis and provide strength and flexibility to the skin. Beneath the dermis lies a 
subcutaneous layer responsible for controlling body temperature and fat storage. 
 
Figure 1.5 The skin and its layers (source: open access National Cancer Institute 
https://visualsonline.cancer.gov/details.cfm?imageid=4604) 
	
Skin colour is largely genetically determined and ranges from light/pale to darkest brown.56 
The colour is primarily related to the amount and distribution of the pigment melanin. As 
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melanocytes can produce melanin when stimulated by exposure to the sun, skin colour is a 
combination of genetics and sun exposure.57  
1.8.2 Tanning and erythema (sunburn) 
UVB photons are able to penetrate the epidermis and the upper layer of the dermis and UVA 
photons with their longer wavelength are able to penetrate lower into the dermis. In general, 
the shorter the UVR wavelength the greater the biological effectiveness of the radiation:38 “A 
given quantity of UVB can be up to 1000 times as effective as the same quantity of UVA in 
producing erythema.”9  
UVR has sufficient energy to break chemical bonds and cause oxidative damage to 
deoxyribonucleic acid (DNA). When the skin is exposed to UVR it is absorbed by melanin in 
both the epidermis and the dermis. Melanin absorbs the UVR and dissipates it as heat. Tanning 
is the result of a UVR induced increase in the release of melanin from melanocytes in the skin. 
The greater the amount of melanin, the darker the skin colour. DNA damage appears to be 
greatest immediately after UVR exposure. There are also significant individual differences in 
how quickly the repair or removal of damaged DNA occurs.58  
The amount of melanin in skin before sun exposure determines the skin’s ability to tan and its 
susceptibility to erythema. There is no evidence of differences between males and females and 
age does not appear to affect erythemal susceptibility either.10 When the skin is overexposed to 
UVR, that is, the amount of UVR is inappropriately high for the skin type to absorb the UVR 
and repair the DNA damage, the skin’s ability to respond protectively becomes overwhelmed, 
resulting in erythema. Erythema is the most obvious effect of UVR overexposure.51The redness 
of erythema comes from the body’s reaction to treat the damage, which is to increase the blood 
flow (vasodilation) to the area thereby bringing undamaged immune cells. This causes the 
redness and inflammation associated with erythema. There is evidence that vasodilation begins 
to occur as soon as irradiance begins, only the human eye cannot detect the change in the skin. 
Skin redness may be visible within 1-8 hours after exposure, the maximum intensity is seen 
between 8 and 24 hours, after which there is a gradual decline in intensity.43 Blistering and 
subsequent peeling may follow. This process is part of the skin thickening in preparation for 
defence against further sun exposure. The more severe the erythema the longer the symptoms 
last. Contrary to common belief, having a tan does not provide significant sun protection.59,60 
For Aotearoan conditions, a minimum of SPF 30 is recommended by the Cancer Society of 
New Zealand (CSNZ) for sun protection.61 Sunburn is a risk factor for the development of 
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melanoma skin cancer and risk increases with the number of sunburns.5,62 Self-reported sunburn 
is often used as a marker for overexposure to UVR.62  
1.8.3 The Fitzpatrick Skin Type Scale 
In 1975, Thomas Fitzpatrick presented a classification of six skin types based on the skin’s 
reaction to overexposure to UVR (Figure 1.6). Individuals reported on their ability to tan or 
burn and from the results six skin photo types were defined based on how the skin 
responded.63,64 
 
Figure 1.6 The Fitzpatrick Skin Type Scale (source: open access Dermnet NZ, 
https://dermnetnz.org/topics/skin-phototype/) 
 
Although there has been some criticism of the usefulness of this scale across darker skin types, 
it continues to be used and is often adapted to include skin cancer risk (which is generally 
highest for type I and lowest for type VI skin).65  
1.8.4 Photoaging 
Photoaging is the term used to describe the premature aging of the skin. The appearance of skin 
is a result of the combination of both the ageing process and environmental exposures. External 
factors such as gravity, pollution and lifestyle choices like diet and smoking influence the 
appearance of skin, but photoaging is mostly attributed to the cumulative effect of UVR 
exposure.66 Recent studies have concluded that UVR exposure of the face is responsible for 
about 80% of the visible signs of facial aging.67 Structural and functional changes to the skin 
are most frequently found in those areas most exposed to sunlight such as the head, face, neck 
and the back of the hands. The lips, the upper chest in women and the top of the head in bald 
men are also common sites of photoaging. Both UVA and UVB contribute to photoaging. The 
damage attributed to UVA relates to its ability to penetrate the cells in the dermis where new 
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skin cells are created. It affects the cells responsible for skin elasticity.68 UVB stimulates cell 
proliferation in the epidermis and is responsible for skin thickening.51 Wrinkles and skin 
sagging are common signs of photoaging.69 Spider veins, freckles and other pigmented spots, 
and red rough scally spots (actinic keratosis) are also signs of photoaging.69  
1.8.5 Skin Cancer 
Skin cancers are often named after the specific cell in which there has been unrepaired DNA 
damage. This damage causes genetic defects which result in the affected cells multiplying 
rapidly to form a tumour. All cancers are tumours in which there is an uncontrolled proliferation 
of cells. 
1.8.5.1 Keratinocyte cancer 
The most common forms of skin cancer in populations with light coloured skin, world-wide, 
are basal cell carcinoma (BCC) and squamous cell carcinoma (SCC).70 These skin cancers are 
collectively known as keratinocyte cancer (KC).71 They are also sometimes referred to as non-
melanoma skin cancers. Overall, men have a higher incidence of these cancers than women 
although there are differences within countries and between age bands. The incidence for KC 
skin cancers increases with age and the incidence is increasing in many countries.70,72 Mortality 
is low in countries where treatment is easily accessed, but, if left untreated KC can grow large 
over time, cause ulceration, significant disfigurement, and in a small number of cases, death.  
BCC is the most common skin cancer world-wide and is often found on, but not limited to, the 
face, scalp and neck.73 A significant proportion of BCC are also found on the trunk. Although 
there are three sub types of BCC they all tend to be slow growing and easily treated with minor 
surgery or topical ointments. SCC is the second most common cancer world-wide, 
predominantly found on areas of the skin frequently exposed to UVR, such as the face (lower 
lip, cheek and nose) rim of the ears, neck, scalp, hands, forearms and lower legs.70,74 They are 
also easily treated (surgically removed) if detected early, but left untreated can metastasise and 
spread to distant sites, although the incidence of this is low.75 Worldwide, the ratio of BCC to 
SCC is about 4 to 1.70  
1.8.5.2 Cutaneous malignant melanoma 
Cutaneous malignant melanoma (CMM) is often referred to as the most dangerous form of skin 
cancer because of its invasiveness, ability to spread to other parts of the body and the high 
mortality rate when left untreated.71 CMM begins in melanocytes. There are a number of 
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biologically distinct types of CMM and there is a growing literature dedicated to understanding 
the aetiology of each form.58 
In people with light coloured skin, CMM is generally found on the torso and limbs, especially 
the legs in females. The head and neck, are also common sites.76 The pattern of distribution is, 
however, different for different age groups. In younger people, CMM is mostly found on the 
torso and limbs. For older age groups, CMM is more commonly found on areas frequently 
exposed to sunlight, such as the head, neck and shoulders.  
For people with darkly pigmented skin, the types of melanoma are more often found on the 
palms of the hands, soles of the feet and under finger and toe nails (acral lentiginous 
melanoma).3 These melanomas have a different aetiology to melanomas found in more lightly 
pigmented populations. What causes this form of melanoma remains unknown, but it is not 
related to sun exposure. Primary mucosal melanoma is very rare and not thought to be related 
to sun exposure either.  
The standard treatment for CMM is wide surgical excision of the skin and subcutaneous tissue 
surrounding the lesion.73  
1.9 The public health significance of skin cancer in Aotearoa  
Skin cancer is the most common cancer affecting New Zealanders and both KC and CMM are 
of significant public health concern.71 Eight in every ten new cancers in Aotearoa are skin 
cancer. Most are able to be treated, but skin cancer is the cause of over 500 deaths annually.77 
Skin cancer has a human cost, a cost to the economy and significant costs to the healthcare 
system. The total economic burden of skin cancer in Aotearoa has not been quantified recently. 
The last estimate was based on 2006 data and put the total (health and economic) for that year 
at $123.1 million.78 In that report, the health-care costs alone were conservatively estimated at 
$57.1 million per annum. Since that time a new range of expensive immunotherapy drug 
treatments has been developed. In July 2019 The Herald, reported that the NZ Pharmaceutical 
Management Agency (PHARMAC) spent $23.5 million on Keytruda treatment for people with 
advanced melanoma (mostly stage 4) in the previous year, alone, which would suggest that the 
overall cost associated with diagnosing and treating skin cancer in Aotearoa would now be 
substantially higher than the estimates based on 2006 data.79 Australia provides an insight into 
the actual costs of KC, which is the second most expensive cancer to treat.61 Comparisons can 
legitimately be drawn between Aotearoa and Australia because their respective skin cancer 
burdens are proportionally similar. Australia, with approximately five times the population of 
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Aotearoa spends an estimated $904 million annually.80 Extrapolating from this estimate, it 
might be expected that the cost of skin cancer in Aotearoa would be approximately $180 million 
dollars per annum. The health expenditure of skin cancer treatment in Aotearoa is expected to 
continue to increase as the population ages and increases. In the United States of America, 
where the population is substantially larger, but where skin cancer incidence is lower, the 
annual cost of treating newly diagnosed CMM is estimated to increase from $457 million USD 
in 2011 to $1.6 billion USD in 2030.81 Access to treatment is also of growing concern as the 
private health sector continues to treat a significant portion of skin cancers.82 For a disease in 
which access to early diagnosis and treatment has a bearing on prognosis, increasing pressure 
on public health provision (and growing privatisation) may raise important questions of 
equity.82 This is because, inequality is strongly correlated with excess preventable mortality.83 
1.9.1 Cutaneous malignant melanoma  
Australia and Aotearoa have the highest age standardised incidence rates for CMM in the 
world.1 In Aotearoa, every year more than 2500 people are diagnosed with CMM and there are 
over 300 deaths.84 There are a similar number of people diagnosed with melanoma in situ (MIS) 
(melanoma that is confined to the epidermis). In 2017 the age standardised registration rate for 
MIS was 40.2 per 100,000 for males and 30.7 per 100,000 for females.84 There is some evidence 
that MIS incidence rates may be increasing.85 A possible explanation for this increase is that 
early detection ‘check your skin’ public health messages are an effective means of helping 
people to get their skin checked early before melanoma metastasises. This might be true for 
populations with light coloured skin, exclusively, but for Māori, among whom skin colour 
covers a broad range, incidence rates for invasive melanoma are substantially lower (7.6 
compared to 37.9 per 100,000 non Māori population), the success of the message to seek 
medical advice early for any unusual spot is not supported by the data.84 Median thickness at 
diagnosis of CMM is significantly higher for Pacifica and Māori populations compared to 
Europeans.86 CMM was the third most common cancer combined for males and females in 
Aotearoa in 2017.84 Although skin cancer rates increase with age it must be noted that CMM in 
Aotearoa causes disproportionate mortality in young people.87 Overall, CMM incidence and 
mortality is consistently higher in males than females with the mortality rate in men about 
double that of women.71 CMM mortality rates are relatively consistent across socioeconomic 
deprivation quintiles.88  
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1.9.2 Keratinocyte cancer 
Keratinocyte cancers are also of public health concern, predominantly due to their high 
prevalence and estimated substantial cost of treatment. In 2010, Brougham described KC as a 
“neglected problem” in Aotearoa and there has been little evidence of change in the intervening 
years of the last decade.89 The actual number of diagnoses year on year remains elusive. The 
registration of these cancers was discontinued in 1958 due to their sheer volume and 
subsequently, the associated diagnostic and treatment costs to the health sector for these skin 
cancers remain largely hidden. The most recent research on the incidence in Aotearoa predicted 
that over 90,400 people (including 388 identifying as Māori) would be diagnosed with at least 
one in situ or invasive KC in 2018.90 Based on this research the age-adjusted incidence rate for 
invasive KC was 786.1 per 100,000 in non-Māori, but only 51.0 per 100,000 in Māori. The 
mortality rate from KC is however low. In 2015 there were 157 (97 male and 60 female) deaths 
attributable to KC.84  
1.9.3 Opportunities to reduce the incidence of skin cancer  
In addition to the evidence related to sun exposure and skin cancer there is a considerable 
amount of literature dedicated to prevention. Studies have estimated that the proportion of 
CMM caused by overexposure to UVR to be between 63–90%.2,61 For KC it is higher, 
approaching 100%.91 Therefore the single most important potentially modifiable risk factor for 
reducing the incidence of skin cancer in Aotearoa is to reduce the exposure to UVR that causes 
harm.71 Although the damage to skin from overexposure to UVR accumulates over the life 
span, there is also evidence that exposure early in life may initiate the process of skin cancer 
development through DNA damage.4,92,93 Large migration studies provide substantial evidence 
that sun exposure in the early years significantly influences lifetime potential for skin cancer.2,94 
Further evidence for the significance of early life UVR exposure is provided by a study 
involving genetically engineered mice.95 The authors were able to show that a single dose of 
UVR (sufficient to induce skin reddening) which was 30 times lower than the total UVR 
exposure dose previously given to adult mice was enough to induce melanoma.95 Therefore it 
is important to consider childhood and adolescence as a period of particular susceptibility when 
it comes to the carcinogenic effects of UVR.4 It is also important to understand the significance 
the pattern of UVR exposure has on skin cancer. People who are exposed occupationally can 
be described as having more continuous sun exposure, that is, exposure on most days and 
throughout the day. This type of sun exposure pattern is associated with the development SCC. 
A more intermittent pattern of exposure is often described as recreational sun exposure, and 
this exposure pattern is implicated in the development of both melanoma and BCC.12 
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1.10 The eye  
The eye requires the transmission of light to function (vision) and regulate circadian rhythms.16 
There is, however, evidence that overexposure to sunlight can damage the eye, causing both 
minor and serious eye diseases that may result in blindness.76 While the eye is susceptible to 
overexposure to UVR there are a range of mediating factors that prevent the eye from always 
showing signs of damage when the skin does. These include the natural response to shy away 
from bright light or shield our eyes, squinting and pupil constriction. The eyebrows and orbital 
anatomy provide shading, especially around solar noon, and the nose can provide some shading 
medially depending on the angle of the sun and the size of the nose.96 The human eye is a 
complex organ (refer Figure 1.7 and associated notes). 
UVB is more effective at causing damage to the eye than UVA, although both are implicated 
in eye health conditions.97 Unlike the skin, however, the eye has no protective “tanning 
mechanism” in response to repeated UVR exposure. Most UVR reaches the eye indirectly.98 
The time of day (from spring to autumn) with the highest UVR exposure to the eye is early 
morning (8am-10am) and mid-afternoon (2-4pm) where the UVR can be parallel to the eye.16,96 
A study in Japan found that the UVB exposure to the eye at these times was nearly twice as 
high as at noon, despite the total amount of ambient UVR being low in the morning.96 This is 
in contrast to peak UVR for skin exposure which occurs at solar noon. One reason for this is 
that the brow and upper orbital anatomy offer some protection from direct UVR exposure, as 
mentioned above. When UVR meets the eye, it travels through the cornea, the lens and the 
vitreous body before reaching the retina. The ability of the lens to absorb UVR changes with 
age.99 In childhood, UVR reaches the retina, but in healthy adult eyes, this is only a negligible 
amount.100 In the past, research has indicated that childhood sun exposure was much higher in 
relation to other life phases. More recent research has shown that sun exposure over the life 
course is more equally distributed.101 Changes in society such as physical inactivity and 
computer gaming may be factors that challenge current assumptions. Whatever the pattern of 





Figure 1.7 Anatomy and function of the human eye (source: https://www.thoughtco.com/how-the-
human-eye-works-4155646) 
1.10.1 Overexposure to UVR and eye health 
Over exposure of the cornea or conjunctiva to solar UVR can cause short term damage such as 
photokeratitis (inflammation of the cornea) or photoconjunctivitis (inflammation of the 
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conjunctiva).3 The short term symptoms may include pain, redness and the feeling of grit or 
sand in the eye, watery eyes and sensitivity to light.102 The cumulative damage of over exposure 
to solar UVR can result in common eye conditions such as pterygium, pinguecula and cataract. 
It may also have a role in less common conditions such as ocular melanoma.39 These are each 
discussed in the following sections. 
1.10.2 Pterygium 
Pterygium is a fleshy tissue growth on the conjunctiva or cornea that is sometimes referred to 
as “surfer’s eye”. If left untreated, it can grow across the line of vision. Evidence suggests that 
UVB exposure is the primary causal factor, but that dry and dusty environments may also 
contribute.96 The prevalence of pterygium increases with age, is associated with being male and 
occurs in those with outdoor occupations or those who spend time outdoors in recreational 
pursuits. The so called ‘pterygium belt’ refers to latitudes between 40ºN and 40ºS. This area 
has both the highest ambient solar UVR levels and the highest prevalence of pterygium.103 
Pterygium can cause redness of the eyes as the solar UVR exposure causes inflammation of the 
tissue exposed and can give the feeling of a foreign object in the eye.102 Treatment is dependent 
on the severity of the condition.104 After cataract and refractive surgery for conditions such as 
myopia, pterygium excision is one of the most common ophthalmic surgeries performed.  
1.10.3 Pinguecula 
Pinguecula is also a benign growth, usually found near the cornea and, like pterygium, is related 
to exposure to solar UVR, dust and wind. A pinguecula is a white or yellowish raised patch that 
is typically triangular in shape. It is also associated with increasing age, being an outdoor 
worker or someone who spends considerable time in outdoor recreational activity.16 
1.10.4 Cataract 
Cataracts cause blurry vision and blindness and are another age-related eye disease. They are a 
leading cause of blindness across the world.105 Proteins in the lens tangle and grow which cloud 
the lens. As the clouding becomes denser it leads to blindness. Long term exposure to UVR is 
a major environmental cause of cataract, particularly for those of the cortex, and probably, those 
situated at the rear of the lens.106,107 Combined, these account for about 50% of all cataracts.3 
Other risk factors include diabetes, smoking and obesity. 
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1.10.5 Ocular melanoma and age-related macular degeneration  
UVR is implicated in a number of other eye conditions for which the evidence has not yet been 
clearly established. Two such conditions are ocular melanoma and age-related macular 
degeneration (AMD). Melanocytes are not only responsible for the colour of the skin, but are 
also responsible for hair and eye colour. Ocular melanoma is very rare but is a potentially life 
threatening malignancy. It can begin in the melanocytes of the uveal tract, conjunctiva or orbit, 
but uveal melanoma accounts for about 90% of all cases.108 Having light coloured skin and eyes 
and high numbers of dysplastic nevi are risk factors for ocular melanoma, and once diagnosed, 
the mortality rate is high.109 Current evidence of the link between solar UVR exposure and the 
development of ocular melanoma remains inconsistent.110,111 
AMD is a leading cause of blindness in the elderly worldwide, affecting 30-50 million 
individuals.112 It is a serious disease which affects the centre of the visual field by destroying 
the macula (central portion of the retina). Solar UVR may influence oxidative stress, 
mitochondrial function and cause inflammation. There are two forms of AMD, dry and wet. 
Dry AMD is due to a build-up of lipids in the retina and the more serious wet AMD is the result 
of leakage from abnormal blood vessels that have grown into the macular. Obesity and smoking 
are well established in the literature as behavioural risk factors for the development of AMD, 
but the link between solar UVR exposure and AMD is more controversial.3,112 Some studies 
have also shown an increased risk of early AMD with both low and high solar UVR (U shaped 
association), suggesting a possible link to vitamin D status, but further study is required before 
definitive conclusions can be made.106 
1.11 The public health significance of UVR and eye health 
There is strong evidence that over exposure of the eyes to UVR causes several eye conditions, 
as outlined above including about half of all cataracts.3 About 370,000 people in Aotearoa are 
estimated to have cataracts and nearly 30,000 cataract surgeries are performed each year. 
Cataracts are the most common correctable eye disease causing blindness and sight loss. The 
average cost of standard cataract surgery in the private sector in Aotearoa is in the range of 
$4150 to $4650.113 Although there is limited data on the costs associated with treating 
pterygium and pinguecula in Aotearoa, we know that almost twenty years ago, the cost of 
treating pterygium alone in Australia was conservatively estimated at $8.3 million Australian 
dollars per annum.104 There are a number of other eye conditions for which overexposure to 
UVR is implicated to varying degrees.100 AMD is linked with high UVR exposure and, although 
the data is inconsistent, there is enough evidence to support public health measures 
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recommending eye protection.3 There is no effective treatment for advanced dry AMD, and the 
only treatment approved by the FDA for wet AMD is a course of monthly injections. Vision 
loss however, is irreversible and the best response is primary prevention.106,114 Melanomas of 
the eye including conjunctival melanoma are rare, but overexposure to solar UVR is also 
considered to be a risk factor in these cancers.  
1.12 Summary 
Many factors influence the level of UVR that reaches the Earth’s surface. This chapter reviews 
the various factors affecting UVR on the Earth’s surface, including solar elevation which 
influences diurnal and seasonal UVR, latitude, Earth-Sun distance, Ozone weather conditions 
and altitude, among others. After assessing how UVR exposure doses are assessed, and the link 
between UVR and carcinogenicity, the chapter reviews the ultraviolet index and the UVR 
environment in Aotearoa. Although some sun exposure is good for health, overexposure causes 
skin cancer and is implicated in a number of ocular health issues such as cortical cataracts and 
pterygium. Consideration is given in the latter part of the chapter to the public health 
significance of skin cancer in Aotearoa. This then informs a discussion of the public health 
opportunities that exist to reduce the incidence of skin cancers and eye conditions arising from 
overexposure to UVR in the next chapter.  
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 Chapter 2: Skin cancer, UVR-related  
eye health and primary prevention 
This chapter considers primary prevention strategies. The Ottawa Charter for Health Promotion 
and the Haddon Matrix are used to help identify potentially modifiable risk factors for skin 
cancer and UVR related eye health. These two conceptual frameworks are deployed in this 
thesis to give structure and coherence to the review of literature focusing primarily on the 
physical and socio-cultural factors that modify risk. It extends to a review of protective 
measures and public health strategies designed to mitigate the negative impacts of UVR on the 
skin and eyes. These factors are reviewed in this chapter as they will later inform consideration 
of sun protection measures that may be promoted for implementation in the competitive 
secondary school rowing environment, on which this study is focused. 
2.1 Strategies and approaches to skin cancer prevention and eye protection 
Aotearoa has a current six-year NZ Skin Cancer Primary Prevention and Early Detection 
Strategy (2017 to 2022).71 Primary prevention is one of five pathways identified in the plan; the 
others being (2) early detection, (3) diagnosis and treatment, (4) rehabilitation, support and 
palliative care, and (5) research, evaluation and surveillance. Primary prevention is the only 
pathway that can reduce the incidence of skin cancer. Australian studies provide strong 
evidence that investing in public health (primary prevention) and early detection is cost 
effective. For every dollar spent in Australia on skin cancer prevention, there is an expected 
return of $3.20.115,116 There is also evidence from outside of Australia and from Aotearoa that 
community-wide interventions are effective in promoting sun safe behaviours.117,118 In 
Aotearoa, the government currently funds population-based skin cancer prevention through the 
Health Promotion Agency (HPA), with the regulatory component provided by public health 
units within District Health Boards. The budget for prevention dropped significantly when the 
responsibility was shifted to the newly formed HPA in 2012. In 2018, the budget for skin cancer 
prevention, including salaries, was $NZ600,000.119 This is about half of what was allocated in 
the 2005-2006 financial year through the Health Sponsorship Council (HSC) which preceded 
the HPA and previously held some responsibility for skin cancer prevention. Other charity-
based organisations are also involved in skin cancer prevention.119 They include the CSNZ, 
Melanoma NZ and Melnet. It must be noted that standardised SunSmart messaging includes 
hat wearing and “wrapping” on sunglasses both of which help to protect the eyes against solar 
UVR damage. Despite the fact that eye health is not part of the New Zealand Skin Cancer 
Primary Prevention and Early Detection strategy (2017-2022), the ‘Slip Slop Slap and Wrap’ 
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campaign, promoted across various government and non-government organisations for skin 
cancer prevention, also has elements that focus on protecting the eyes from over-exposure to 
UVR. In contrast, Worksafe New Zealand addresses both skin protection and eye health in its 
guidelines on how to effectively monitor and manage the risks associated with occupational 
and solar UVR.102 Its approach is to reduce sun exposure without increasing the intermittency 
of exposure, which is a potential risk factor for some skin cancers. To be successful, sun 
protection messaging needs be tailored to specific settings, account for both pattern of exposure 
and total exposure, and be age appropriate.120 In general terms, the greatest gains are to be made 
among young people with fair skin who burn easily, although skin protection is recommended 
for all age groups and most skin types in Aotearoa.87 In February 2020 a recently developed 
New Zealand Cancer Action Plan, Te Mahere mō te Mate Pukupuku o Aotearoa 2019-29, was 
released.121 The plan provides a pathway to improve cancer outcomes for all New Zealanders. 
Four overarching principles to achieve the goals outlined in the plan are: equity-lead, 
knowledge-driven, outcomes-focused and person and whanau-centred.121 The stated goals for 
skin cancer prevention are discussed in thesis section 1.20 (2.10) Community Action (see 
below). 
2.2 Other health conditions associated with UVR exposure 
A link exists between overexposure to UVR and other health conditions. Cold sores, for 
example, which are caused by particular strains of the herpes simplex virus (usually HSV-1) 
can be triggered by UVR.122 Once infected there is no cure and, following infection, the virus 
lies dormant until triggered again. A growing literature also addresses the effect of UVR on the 
immune system, including the potential impairment of vaccination responses.3 While the focus 
of this thesis falls upon the negative health consequences of over exposure of the skin and eyes 
to UVR, two important points should be acknowledged. First, it is worth repeating that some 
sun exposure is important for vitamin D synthesis, and UVR is a factor in the prevention and 
treatment of ailments such as rickets, psoriasis, eczema and jaundice.123 There is also growing 
evidence that lack of sun exposure in childhood increases the risk of myopia (short sightedness) 
and that conditions such as multiple sclerosis and bowel cancer may also be related to vitamin 
D deficiency and therefore UVR exposure.124,125 Second, skin cancer is the most common 
cancer in Aotearoa, most cases are attributed to over exposure to UVR and the majority of cases 
are preventable and treatable if detected early. While early detection and treatment services 
have an important influence on prognosis following a skin cancer diagnosis, this thesis is 
focused on primary prevention. The balance of this chapter, therefore, attends to identifying 
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modifiable risk factors and how risk factors are managed under the Ottawa Charter for Health 
Promotion and the injury prevention Haddon Matrix. 
2.3 Health promotion 
Promoting the health of individuals and populations can be a challenging endeavour. The 
determinants of health are wide ranging, and promoting health and wellbeing is often 
problematic because it requires coordinated action across a broad spectrum of areas that reach 
far beyond the provision of health services and treatment. In 2007 the WHO defined health 
promotion as “the process of enabling people to increase control over, and to improve, their 
health”.126  
2.4 The Ottawa Charter 
The Ottawa Charter for Health Promotion is widely recognised to be the guiding document for 
health promotion practice (Figure 2.1).127 It outlines five key action areas for health (building 
healthy public policy, creating supportive environments, strengthening community action, 
developing personal skills and re-orienting the health service) and three basic health promotion 
strategies (enabling, mediating and advocating).126 Efforts to establish best practice guidelines 
associated with the Ottawa Charter are constantly being advanced. At the Fourth International 
Conference on Health Promotion, for instance, the value of settings for implementing 
comprehensive health promotion strategies was outlined in the Jakata Declaration for Health 
Promotion (1997).128  
A settings approach requires that the contexts within which people live, work and play are 
consistently being addressed as places of intervention.129 This approach has proven to be 
successful as it provides an opportunity to co-design effective interventions with the relevant 
communities and situate practice in its socio-cultural context.129 Sport is one such setting that 
provides a significant opportunity to improve health outcomes.130 
2.5 The secondary school sporting landscape in Aotearoa and sun 
protection 
Although primary schools have a dedicated voluntary programme promoting skin cancer 
prevention (SunSmart Schools) administered by the CSNZ, no equivalent programme exists in 
the secondary school environment. There is little evidence that sustained sun protection 
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Figure 2.1 The Ottawa Charter for Health Promotion (source: First International Conference on 
Health Promotion, Ottawa, 21 November 1986) 
 
practices are embedded in secondary schools despite the fact that outdoor sports are considered 
to be an important part of the secondary school experience.131,132 This is not unique to Aotearoa. 
A recent Parliamentary inquiry into skin cancer in Australia highlighted the lack of progress in 
this age group.133 The first of the recommendations from the inquiry was that “national sporting 
bodies and associations which engaged in outdoor activities adopt sun smart policies modelled 
on a similar template to that of Cricket Australia and Surf Life Saving Australia incorporating 
aspects relevant to their sport”133 and research in Aotearoa also supports this.134 A systematic 
review also found that outdoor recreational settings are a good place to implement skin cancer 
primary prevention strategies.134 
In 2007, Lawler et al explored the relationship between sun protection and physical activity 
across four organised sports, tennis, hockey, soccer and surf lifesaving amongst young adults 
18-30 years.135 They found that sunburn during the previous sporting season was high (69%), 
and concluded that “there is a need for a systematic approach to sun protection in the sporting 
environments of young adults”.135 
Inter-secondary school sport has long been a significant component of the sporting landscape 
in Aotearoa with over 150,000 students representing their schools in sport in 2017.136 Sun 
exposure during participation can be high because of the timing and duration of competition 
and practice.137 School Sport NZ (formerly known as The NZ Secondary Schools Sports 
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Council) is the key organisation that coordinates, promotes and protects participation in 
secondary school sport for all students. One strand of its strategic direction is to provide quality 
support, leadership, advice and guidance.136 School Sport NZ event safety plan templates are 
publicly available and although sunstroke is mentioned under ‘generic hazards,’ no general 
information about sun protection is currently provided for competitors. 
2.6 Secondary school rowing 
Sports vary significantly in their UVR profile from high summer and/or high altitude sports 
through to those that take place indoors. Rowing, a popular summer sport among secondary 
school students, is an example of a high UVR environment sport. Over 4000 secondary 
students, both female and male, now compete in rowing each year. Between 2013 and 2017 
there was a 7% increase (from 3757 to 4040) in the numbers of students who rowed 
competitively.136 The domestic rowing season runs between the months of September and 
April, which coincides with the period during which UVR levels peak in Aotearoa. The 
secondary school rowing season builds up to The Maadi Cup, which is held over a one-week 
period in late March on Lake Karapiro (North Island) and Lake Ruataniwha (South Island) on 
an alternating basis. The Maadi Cup is one of the largest school sports events in the Southern 
hemisphere, consistently attracting over 2000 rowers from over 120 schools.138 It is the 
culmination of a season-long series of regattas that help determine selection for the New 
Zealand secondary schools rowing crews.  
New Zealand Rowing requires competing students to wear the registered colours of their school 
or club at regattas. This consists of a singlet and shorts combination or the equivalent one piece 
(rowing zootie). Undergarments are able to be worn uniformly under the official rowing 
uniform. There is no official requirement to wear headwear or sunglasses as part of the uniform. 
Many school rowing crews choose to have additional team kit items. These regularly include 
caps, bucket hats and beanies, short and or long sleeved warm up clothing and sunglasses. The 
responsibility for the design of the team kit often lies with rowing squads themselves and forms 
part of their squad identity. There is recognition within the rowing community that rowers may 
be subject to overexposure to the sun during regattas. At present, responsibility for sun 
protection lies largely with the school and or the athlete themselves. Schools provide at their 
discretion some sun protection measures for their competitors. This may extend to provision of 
sunscreen and shade structures where students gather to eat and relax when not competing. 
It is for this reason that creating supportive environments through policy development is seen 
as pivotal to promoting positive change in this area.130  
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In our country where we value sport so much and in a time when the importance of 
physical activity and general health and well-being are national priorities, we need 
to engage students in enjoyable sporting opportunities while at school so they will 
continue in their later lives.136  
In addition, there is a need to understand the UVR environment within which participants are 
competing, so that suitable and sustainable measures can be put in place to create and maintain 
a safe environment for athletes. 
2.7 The Haddon Matrix 
The Haddon Matrix is a conceptual model that was developed by William Haddon in 1970.139 
It considers the factors associated with risk and how the risks associated with human activities 
can be mitigated. It was initially adopted in relation to traffic safety, and has been applied 
subsequently across a range of public health domains.140 The matrix is built upon key factors 
that occur at critical moments before an injury event, during the event and after an injury has 
occurred. The key factors accommodated in the matrix include personal attributes, vector or 
agent attributes and environmental (both social and physical) attributes. As a conceptual model, 
it has informed both public health interventions and research priorities. 
The development of any cancer arises from a combination of environment, chance and 
genetics.141 Most skin cancers occur as a result of a complex interplay between sun exposure 
and genetic susceptibility and therefore, as for injuries, multiple factors must be considered in 
the development of prevention programmes. There are obvious differences between a traffic 
related injury and a skin cancer diagnosis, particularly between immediate and accumulated 
damage. In the case of the former, stepping in front of a moving vehicle has immediate 
consequences. In contrast, the timeframes involved between behaviours that may put an 
individual at risk, and clinical manifestations of skin cancer or cataracts may span many years 
or decades. 
Despite these differences, the Haddon Matrix has previously been adapted and usefully applied 
in skin cancer research.42,142,143 Disease prevention is based on the premise that some risk 
factors can be mitigated.83 Building upon an established foundation of previous research, the 
focus of this thesis falls upon potential risk factors, both modifiable and non-modifiable for 
overexposure to UVR during secondary school rowing competitions (Figure 2.2). Given the 
broad ranging nature of the Haddon Matrix, across various temporal phases or ‘critical 
moments’ (pre-, during and post-injury), it is drawn upon selectively to inform this discussion. 
For example, because the scope of the research is limited to primary prevention of skin cancers 
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among secondary school competitive rowers, the pre-event and event phases of the matrix are 
of particular relevance. 
2.7.1 Physical characteristics 
There are a number of well documented non-modifiable risk factors for skin cancer.144 
Individuals with light skin that burns easily are most at risk of developing skin cancer.145 Other 
phenotypic risk factors include light eye colour (blue, blue/grey and green), as well as red or 
blonde hair and facial freckling.145-147 Being male and having a first degree relative with 
melanoma also independently increase the risk of skin cancer.147 In addition to hereditary 
factors, there is an increased risk of melanoma associated with having a large number of nevi. 
This is because melanocytic nevi are often precursor lesions for melanoma.148 Nevi are common 
moles on the skin and can be broadly grouped as those present at birth or infancy and those 
‘acquired nevi’ that develop throughout the course of life.149 Research suggests that sun 
exposure early in life determines the number of acquired nevi which increase in number from 
childhood to adolescence.150 Both acute and chronic exposure to UVR are associated with the 
development of nevi.150 In children, the highest nevus densities tend to be on sun exposed parts 
of the body and include the face, back, shoulders and the outside arm.9 Nevi are also a risk 
factor for the development of BCC. Efforts to identify high risk groups often include counting 
melanocytic nevi on the arm.149 They are also used as a short term measure of the efficacy of 
interventions aimed at reducing sun exposure.148 Secondary school rowers with any of these 
characteristics or combinations of characteristics have an increased risk of developing skin 
cancer. High socio-economic status is also associated with an increased risk of developing 
CMM.151 It has been theorised that access to air travel and therefore the ability to take holidays 
in warm climates and or to be involved in costly outdoor recreational activities that result in 
intermittent high UVR exposure might explain this relationship.151 However, CMM mortality 
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2.7.2 Behavioural characteristics, influences and knowledge 
Personal UVR exposure is largely determined by sun protective behaviour.152 It is widely 
acknowledged in the literature that teenagers are less likely to adopt sun protective practices 
than both children and adults.153,154 Teenagers are also more likely to get sunburnt and have 
positive attitudes towards tanning.155,156 A study in Australia examined sun protection 
behaviours of 12- to 18-year-olds in outdoor aquatic environments in New South Wales 
(December 2013, January 2014). They made 655 observations and found that sun protection 
practices were extremely limited. In particular, they reported that the application of sunscreen 
(15%), use of shade (8%) and the wearing of sleeved shirts (3%) was low. Furthermore, only 
15% wore hats and 13% wore sunglasses. Interestingly, the observed use of sun protection in 
the aquatic environment during summer peak UVR periods was lower than expected when 
compared to similar self-reported studies in Australia.153  
Low adoption of sun protection among teenagers is not unique to Australia and Aotearoa where 
skin cancer rates are consistently higher than other countries.1 A study from Hawaii found that 
males, older adolescents do not practice frequent sun protection behaviours. It recommended 
that high risk groups needed to be reminded to adopt protective behaviours while being active 
outdoors to prevent unnecessary sun damage.154 The second National Sun Survey in Canada 
(2006), although conducted over a decade ago, paints a similar picture. Young males (aged 16-
24 years) were the least likely to protect themselves from the sun and the most likely to get 
sunburnt compared to other segments of the Canadian population. Young females (aged 16-24 
years) were the most likely to try to tan.	157 
In Aotearoa the HPA undertook a Sun Exposure Survey (SES) in 2016.158 The survey involved 
telephone interviews with 486 13- to 17-year-olds. The purpose of the research was to gain 
insights into attitudes and behaviours about sun exposure. It found that one in six who were 
outside at the previous weekend got sunburnt. Males were more likely to wear a hat than 
females but, overall, only about one-third reported wearing a hat when outside at the weekend. 
Sunglasses were more commonly worn by females, with one in five choosing to wear 
sunglasses most of the time that they were outside on the weekend.  
This work followed research commissioned by the CSNZ and the HSC (now the HPA) 
sometimes referred to as the Sun Survey series. From 1994 to 2006 sunburn prevalence, along 
with personal behaviour, activities and attitudes to sun exposure during several weekends over 
the summer months in five major cities in Aotearoa was assessed using telephone surveys every 
three years (1994, 1997, 1999-2000, 2002-3 and 2005-6). Analysis of pooled data from across 
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all of the surveys was reported in 2013.159 Information from 6195 respondents was considered 
and the authors found that weekend sunburn was reported by 21% of participants. As expected, 
sunburn was associated with greater time spent outdoors and interestingly occurred most 
frequently during water-based recreational activities (29%). The head/face and neck were the 
most frequently and severely sunburnt body areas reported. Sunburn was more common among 
males, young adults and in individuals with fair skin that burns easily, when compared to 
females, older adults and individuals with less sun sensitive skin.  
As part of the 1997 Sun Survey series, adolescent responses were considered separately (203 
adolescents aged 12-17 years).156 The majority (60%) of this discrete group, and significantly 
more males than females, spent longer than one hour outside and 43% spent more than two 
hours outside during the sampled weekend. Overall, 31% reported sunburn and the shoulders, 
head or neck were the most common body areas reported to have been sunburnt. The group that 
spent more than two hours outside was three times more likely to report sunburn than those 
spending less than two, but more than one hour outside. Hat wearing was reported by about 
one-quarter of all participants and caps were the most common style of hat worn (74% of hat 
wearing). Spending time out of the sun and using sunscreen were the most commonly reported 
sun protection measures adopted. In the discussion, the authors noted that: 
The creation of a supportive environment for sun protection may also be useful. 
This includes shade provision in public spaces such as beaches by local councils 
and appropriate activity scheduling and clothing requirements by those who 
organise adolescents’ sporting and other leisure activities.156 
More recently, the sun protection practices of 1225 adolescents from twelve secondary schools 
and 215 adult supervisors were observed at athletics sports days in Dunedin during 
February/March 2015.131 One half of the schools had sunscreen available for their participants 
at the venue. With only 3% of students observed wearing a sun protective hat when the UVI 
across the study period exceeded 7, there is significant potential, and, arguably a necessity, for 
improved sun safety in secondary school sport environments.131 
Australian data generated over the ten year period from 2001/02 to 2011/12 examined five sun 
protection strategies to determine trends in the sun protection behaviours of Australian 
adolescents.160 The frequency of wearing a hat when outside decreased significantly across the 
study period. The frequency of wearing sunglasses fluctuated, but the use of sunscreen and 
clothing was relatively steady. Sunscreen use was the most frequently adopted sun protection 
measure for adolescents, which is consistent with research among adolescents from the USA 
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and Europe.160 This research showed that a small but significant decline across all sun 
protection measures combined occurred over the ten year period of the research.160  
One sun protection measure that could perhaps be better promoted is use of shade by 
adolescents.161 In terms of sustainability, permanent shade provision offers the additional 
advantage of being available for future generations. In Australia, shade sails in secondary 
schools have shown potential in reducing adolescent UVR exposure.162 At least in relatively 
warm temperatures (above 26 degrees) school-aged teenagers will use well-positioned shade 
with seating.161 It appears that the potential offered by shade is yet to be fully realised in 
Aotearoa. In research that analysed images captured by children wearing cameras, few used 
shade (11%) and even fewer wore sun protective hats (4%) when sun protection was 
warranted.163 The use of digital platforms reminding adolescents to use sun protection offer the 
capacity to reach the desired target age, but there is limited data on whether their use results in 
positive and enduring behaviour change.164,165 
Children up until the teenage years largely depend on their parents to ensure sun safety but 
parental influence decreases as children grow older.166 The influence of parents relative to peer 
group members reduces with growing independence throughout adolescence.167 A sense of 
invincibility among teenagers may be one reason that explains why they choose not to use sun 
protection.154 The desire to tan, inconvenience and the physical discomfort of sun protective 
clothing are all consistently reported as reasons why teenagers do not routinely and consistently 
practice sun protection.168,169 Social norms, fashion, trends towards wearing less covering 
clothing and competing sun exposure messaging all contribute to low adoption of sun protection 
in this age group.170 This is not surprising given that many adolescents are acutely sensitive 
towards potential rejection based on peer conformity of appearance.171  
Although it is argued that understanding the risk of over exposure to UVR and sun related 
disease is fundamental to skin cancer prevention, knowledge alone is insufficient to change 
behaviour.160,172 Professor Ian Olver, previously CEO of the Cancer Council Australia, 
observed that “...even though today’s teens were more aware of the harms of UV than their 
predecessors, they were less likely to protect themselves than other age groups.”173 
Prevailing social norms regarding the desirability of sun tanning is a particularly acute 
challenge. Similarly, the apparent low social acceptability of sun protection measures among 
adolescents is a challenge that will likely require an approach involving the full range of health 
promotion action areas and strategies outlined in the Ottawa Charter if a reduction in sunburn 
and UVR exposure in adolescence is to be realised. 
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2.7.3 Climatic factors influencing UVR level and sun protective behaviour 
The UVR in sunlight is the main source of UVR exposure for humans.36 The factors affecting 
ambient UVR levels were summarised at the beginning of chapter one. Climatic conditions 
such as cloud cover on the day of rowing competition can have a significant bearing on the 
amount of ambient UVR (Figure 2.3). 
 
Figure 2.3 Screen shot of the UVNZ app showing the effect cloud can have on the predicted UVR 
level (source: publicly available 01/02/2020) 
 
While it is acknowledged that climatic factors may have a bearing on individual sun protection 
behaviour this area of research is in its infancy. As UVR cannot be seen or felt there is some 
suggestion that people associate high temperature with high UVR and that this may affect how 
they behave with respect to sun protection. One Australian study found higher levels of sun 
protection on fine days when temperatures were higher.174 Another Australian study compared 
adult sun protection behaviours across four cities and found mixed results. A higher daily 
maximum temperature was associated with a reduced likelihood of wearing long sleeved shirts 
and long trousers in two cities, and higher humidity was associated with less time spent 
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outdoors in one city.175 A large North American study found that many vacationers used 
temperature to judge UVR intensity by adjusting clothing for warmth and not for UVR 
protection.176 There is also confusion about the cause of wind burnt skin and lips. Wind can 
reduce temperature and therefore decrease the perception of heat resulting in less awareness to 
seek shade or use other forms of sun protection. This may result in people staying out in the 
sun for longer. The term ‘windburn’ however is a misnomer as it is the UVR from the sun that 
causes the damage not the wind, although wind may dry out the skin and influence the coping 
mechanism in response to UVR exposure. Wind is less likely to be a factor at rowing regattas 
as rowing requires calm conditions for racing. 
2.7.4 Products and equipment 
One means by which to reduce personal UVR exposure and the risk of sun burn is the use of 
personal protective equipment. While secondary school rowers are required to wear a specified 
uniform for competition (the rowing “zootie”), the use of hats and sunglasses is usually at the 
discretion of the individual athlete, although some schools have them as part of the rowing 
uniform. Even if they form part of the uniform, whether to use them or not may be a personal 
choice. Some schools require their use and occasionally regatta officials also require every 
member of the crew to be the same (i.e., either all use it or no one uses it).  
2.7.4.1 Headwear 
No hat provides 100% UVR protection and no hat covers all situations.152 The amount of 
protection provided is largely dependent on the position of the sun and the type of hat. A recent 
study comprehensively evaluated different hat styles and the level of protection afforded by 
them.152 The study considered direct, diffuse and reflected UVR and the UVR exposure doses 
received by various facial zones. The authors found that over a period of one year diffuse 
radiation is the main contributor to daily solar UVR received to the head, but that during 
summer, when the sun is highest in the sky (low SZA), direct radiation predominates.152 While 
most rowing occurs during the summer months the regatta season begins in spring and ends in 
autumn. Although it is well recognized that the head as a whole receives a heavy burden of 
UVR exposure, it is the nose that was found to receive the highest dose of UVR of all the facial 
zones considered.152 While the study supported the conclusion of other research that the best 
protection is provided by hats with large brim sizes, the authors acknowledge that the width of 
the brim in the study meant that such hats are not readily useable for some physically active 
aspects of everyday life. Secondly, hats do not provide sufficient protection against reflected 
UVR. Visors were not considered in the study but considerable attention was given to caps. 
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Given that caps are used by some secondary students during rowing competition, it is worth 
considering what protection they were found to provide. Across all seasons, the baseball cap 
with a 10cm frontal brim was found to provide the highest protection for the ocular and nasal 
regions but least protection for the ears. In summer, baseball caps have the potential to 
substantially block the direct UVR reaching ocular and nasal regions around midday and to 
reduce diffuse radiation by half.152 
2.7.4.2 Clothing 
Clothing is often considered one of the best forms of sun protection so long as it is effective at 
preventing the transmission of UVR. Several factors dictate the level of sun protection provided 
by a fabric. They include, fiber type, stretch, colour, thickness, hydration and manufacturing 
processes.137 In general terms, the denser the weave of the fabric the higher the protection 
provided. Darker colours of the same fabric tend to absorb more UVR than lighter coloured 
versions and for fabrics such as cotton, getting wet reduces their ability to prevent UVR 
transmission.10 In addition, different fabrics are inherently better at preventing transmission. 
Polyester or polyester blends usually offer better protection from UVR than other fabrics.177 
When considering sun protection, the capacity of a fabric to prevent UVR transmission is 
related to the amount of skin the item of clothing covers. Skin cancer rates among populations 
with light coloured skinned have increased worldwide alongside changes in fashion from high 
skin coverage being the norm at the beginning of the twentieth century to low and sometimes 
minimal coverage in modern society. While the use of sun protective clothing has been shown 
to be effective in reducing the number of pigmented moles in children, social acceptability, 
especially for teenagers, will determine the extent to which clothing is likely to contribute to an 
individual’s sun protection regime.178 Competition rowing clothing sometimes called the zootie 
has been standardized to some degree mainly to ensure nothing interferes with the full range of 
motion for the rowing stroke. 
2.7.4.3 Sunglasses 
Sunglasses are often worn to reduce glare from visible radiation and to provide a level of 
comfort in certain environments. Sunglasses have broad appeal and certain brands and designs 
hold iconic status in contemporary popular culture.179 The use of sunglasses during leisure time 
increases with age.180 Advanced lens technology has been developed that prevents UVR 
transmission and glare while protecting or enhancing vision. Wearing sunglasses has been 
shown to be effective at reducing sun induced eye damage such as pinguecula and pterygia.97 
The incidence of these eye conditions is elevated in outdoor workers, but regular use of 
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sunglasses can significantly reduce incidence.181 The use of sunglasses has also been shown to 
reduce the formation of cortical cataracts. The early adoption of wearing sunglasses by males 
before the age of twenty one years, compared to those who started wearing sunglasses after the 
age of forty years showed a 23% lower frequency of cortical cataract by early adopters.97  
Despite the lack of clarity regarding a causal link between UVR and AMD, there is sufficient 
evidence for sunglasses to be recommended and, as there is no cure for some types of AMD, 
the best strategy is to reduce prevalence through primary prevention. This is why many suggest 
preventive measures such as wearing sunglasses to minimise sunlight exposure should start 
early in life.182,183 Although the literature supports the use of sunglasses for eye health (both for 
the prevention of eye diseases and skin malignancies affecting the periocular area) not all 
sunglasses are the same when it comes to providing protection. The geometry of the sunglasses 
and their fit significantly influence the effectiveness of protection.33,97 As is the situation for 
the skin, direct, diffuse and reflected UVR all contribute to the overall UVR burden of the 
ocular area. This includes what is scattered and reflected from the rear of sunglass lenses. 
A recent study considered the UVR exposure doses received by the eyes, what factors are 
influential and how sunglasses protect the eyes and ocular region of the face.100 The shape of 
the glasses, how they sit on the face and the lens all contribute to the level of protection to the 
eyes and the orbital area as a whole.33 Unsurprisingly, the best eye protection was provided by 
goggles which are socially acceptable in certain settings, such as snow sports, but their 
suitability for everyday use is extremely limited. The study also found that head position has 
an important influence on the UVR exposure dose received, especially for middle sized 
sunglasses. These sunglasses were found to be effective at protecting from direct UVR but were 
ineffective at reducing ground reflectance.100 Looking straight ahead (as rowers do in 
competition) was the least sun protective for ocular and periorbital skin zones as the UVR could 
circumvent the sunglasses. On a summer day under cloudless conditions when looking straight 
ahead, the highest erythemally-weighted UVR exposure doses were at the nose followed by the 
cheeks and the cornea.100 It is for these reasons that close fitting wraparound sunglasses are 
recommended by both the CSNZ and the Cancer Council Australia as they provide better 
protection for both the eyes and surrounding tissue.184,185 
2.8 Regulation, monitoring and environment 
In 1994 the then Department of Labour (Te Tari Mahi) issued guidelines for the mitigation of 
UVR among outdoor workers.186 Since that time the laws governing workplaces in Aotearoa 
have been repealed. Currently the Health and Safety at Work Act (HSWA) 2015 is the 
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overarching piece of legislation that sets out key principles and obligations related to safety in 
the workplace. In 2018 Worksafe released a guideline titled, ‘Protecting workers from solar 
UV radiation’ which explains how to minimise exposure by using personal protective 
equipment.102 Five actions are required for sun protection which in combination aim to reduce 
the amount of UVR reaching the skin and eyes. They are, use of clothing, hats and sunscreen, 
utilising shade and wearing sunglasses. The Slip slop slap campaign (and subsequent iterations) 
has been the key sun protection slogan for the CSNZ and the Cancer Councils in Australia for 
over three decades. The simplicity, use of alliteration and rhyme make it widely recognised on 
both sides of the Tasman. This campaign began in 1981 with slip slop slap in Australia and 
later, slide on sunglasses and seek shade were added. The CSNZ combined slip meaning slip 
into clothing and slip into shade and wrap on sunglasses. Four Standards cover all five sun 
protective products recommended to help reduce exposure to solar UVR (Figure 2.4). The 
Standard for shade fabrics has not been adopted in Aotearoa. Standards help to guide consumer 
choice by providing certainty that products will perform to a specified level and ensure labelling 
that is consistent with standard classification.187 Standards New Zealand is a business unit 
managed under the Ministry of Business, Innovation and Employment.  
2.8.1 AS/NZS 4399 Sun Protective Clothing  
Fabric can now be rated and assigned an ultraviolet protection factor (UPF) and, based on the 
number, can be labelled as Minimum (UPF 15), Good (UPF 30) or Excellent (UPF 50, 50+). A 
minimum level of body coverage is required before an item can claim a UPF rating. For 
example, both bucket hats and brimmed hats have minimum brim widths requirements (6cm 
for bucket hats and children’s broad brim hats, 7.5cm for adult broad brim hats) if they want to 
claim the rating on their labels. The bikini two-piece swim wear was introduced to the world 
by French designer Louis Reard in 1946, but under the current standard, a bikini made from a 
fabric with a high level of photoprotection would not be able to claim a UPF rating as it will 
not meet the required level of body coverage. A UPF of 50 means that 1/50th or 2% of UVR 
will transmit through the clothing where the fabric is in contact on the body. In 1996 Australia 
and Aotearoa were the first in the world to introduce a standard for sun protective clothing.188 
It has been noted previously that designers of both school uniforms and school sports uniforms 
should take into consideration the level of sun protection afforded by the uniform while 
remaining attractive to students.132 
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Figure 2.4 The Slip Slop Slap Wrap campaign as it relates to the relevant Standards (adapted from 
the Cancer Society of New Zealand Slip Slop Slap Wrap print resource, with permission from the Otago 
Southland Division of the New Zealand Cancer Society) 
2.8.2 AS/NZS 2604:2012 Sunscreen Products 
When sunscreen is applied correctly and used regularly it has the potential to reduce the 
incidence of skin cancer.61 The Sunscreen Standard includes the Sun Protection Factor (SPF) 
and requires sunscreens to be broad spectrum (providing protection from both UVA and UVB). 
The SPF is defined “as the ratio of the least amount of UVR required to produce minimal 
erythema after application of a standard quantity of the sunscreen product film to the skin, to 
that required to produce the same erythema without sunscreen application.”189  
The Standard requires a product to be tested on human skin using artificial UVR from a lamp 
under controlled conditions. Overall effectiveness of a sunscreen product depends not only on 
the active ingredients in the sunscreen but on application thickness, coverage, timing of 
application prior to exposure and reapplication as recommended by the maufacturer.190  
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Primary prevention campaigns advise people to apply a broad-spectrum water-resistant 
sunscreen to exposed skin twenty minutes before participating in outdoor pursuits when the 
UVI level is three or above. Reapplying at least once every two hours and applying thickly is 
also routinely recommended.47 Recently, Australia and Aotearoa joined together to revise the 
evidence regarding sunscreen use. Following the 2018 Sunscreen Summit in Brisbane the 
advice adopted by both countries has been expanded. Sunscreen can be part of an everyday 
routine when the UVI is three or above to protect skin against incidental sun exposure.61 
Although it is acknowledged that for planned outdoor activities, such as rowing regattas, 
sunscreen should be used alongside other sun protection measures, it should be noted that 
sunscreen has an important role to play in protecting athletes’ skin when they are competing.  
2.8.3 AS/NZS 1067.1, 1067.2 Eye and face protection-Sunglasses and fashion 
spectacles 
In 1971 Australia was the first country in the world to introduce a Sunglass standard. It took 
more than twenty years for the standard to be revised and adopted in Aotearoa. It was revised 
again in 2016, and in 2017 Australia took a more proactive stance by making it a mandatory 
safety standard. The main purpose of the standard is to specify minimum requirements for 
protection against solar UVR for sunglasses, fashion spectacles and other eyewear. The revised 
standard is unique in that it provides protection to a wavelength of 400nm and made changes 
to the required information displayed on sunglasses (Figure 2.5). Category 4 sunglasses are 
required to have lateral protection and the lenses are now permitted to only transmit half of the 
UVA (315-400nm) that was previously allowed. 
 
Figure 2.5 New labelling requirements for Sunglasses (source: AS/NZS 1067:2016 page 5) 
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2.9 Supportive policies and guidelines 
The NZ Secondary Schools Rowing Association (NZSSRA) requires organisations that host 
regattas to have first aid facilities that can provide immediate attention to reduce the risk of 
participants experiencing hypothermia, drowning, dehydration or heat stroke.191 Both School 
Sport NZ and the NZSSRA acknowledge the potentially negative effects of heat from the Sun, 
but not of UVR. Event safety plans focus on immediate hazards, rather than long-term damage 
to DNA from overexposure to the Sun which has an impact over a much longer timeframe. It 
is not unusual for sporting organisations to have no sun protection policies.192 With no data 
concerning the UVR exposure of secondary school rowers in Aotearoa it is perhaps no surprise 
that this aspect of competitor safety remains neglected. This low level of attention contrasts 
with sun protection measures demonstrated by some members of Aotearoa’s elite rowing 
programme. Sunglasses, upper body clothing with sleeves and caps are worn by many elite 
rowing athletes. The New Zealand Skin Cancer Primary Prevention and Early Detection 
Strategy 2017-2022 highlights the importance of reducing exposure to UVR that causes harm 
(sunburn, intermittent and chronic sun exposure).7 The outcomes framework that underpins this 
strategy identifies both increases in individual sun protective behaviours and increases in sun 
protective environments and settings are necessary to reduce the incidence of skin cancer in 
Aotearoa. It also acknowledges that in order for these to happen, both the public and policy 
makers will need to recognise that skin cancer is a significant public health issue and that 
increased policy support for protective environments is necessary.7 
2.10 Community action 
Outcome three of the NZ Cancer Action Plan relates to the prevention of cancer.121 Harmful 
UVR exposure is identified as a modifiable risk factor for skin cancer. Due to higher reported 
frequency of sunburn, youth are one of two groups identified as a priority population in the 
plan. In the area of skin cancer prevention the Cancer Action Plan aims to “enhance prevention 
campaigns, including promotion through a range of settings.”121 
The HPA currently leads the national skin cancer programme for prevention and early detection 
in Aotearoa. Although it works strategically with other organisations such as Melnet, 
Melanoma NZ and the CSNZ, it also develops its own campaigns. The most recent example 
was called ‘DumbBurn’.193 The campaign targeted people in the 18-24 age group who socialise 
or work outdoors. Messages were delivered via a number of social media platforms with the 
tag line ‘#DumbBurn’. It aimed to raise awareness by focusing on what motivates young people 
to protect themselves against UVR. It highlighted unattractive tan lines, associated pain and 
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embarrassment of sunburn. The campaign ran over the summers of 2018-19 and 2019-20. The 
CSNZ, Melnet and Melanoma NZ are all committed to raising awareness of the link between 
UVR and skin cancer.  
2.11 Summary 
Although we understand what causes skin cancer, individuals do not always take adequate or 
appropriate sun protection measures. Teenagers are identified as an at risk group for sun 
protection as they receive more sun burn relative to other age groups and have poorer uptake 
of sun protection measures. The Ottawa Charter and Haddon Matrix are complimentary public 
health models which recognise that behaviour change requires a multifaceted approach. Before 
targeted strategies can be effectively implemented it is important to understand the environment 
within which specific activities – in this case secondary school competitive rowing take place. 
Chapter three addresses the quantification of UVR using personal dosimetry, and critically 




 Chapter 3: Measuring personal UVR  
exposure using dosimetry 
In this chapter the quantification of human UVR exposure is considered along with the different 
types of dosimeters used to measure it. The universal difficulties using dosimeters and the 
different types of measurement are also considered. Finally, the limited literature on measured 
UVR exposure during competitive sport and during training for competitive sport using 
personal dosimetry is reviewed to quantify the UVR environment within which outdoor sport 
takes place.  
3.1 Personal Dosimetry 
The quantification of human UVR exposure, although challenging, is of interest to those 
studying the effects of both excessive and insufficient exposure on human health.194 
Quantification is also important as it can be used to inform and guide multi-layered skin cancer 
prevention programmes following the saying that ‘if you can’t measure something you can’t 
improve it’. Adolescents have been identified as a priority age group for skin cancer prevention. 
Research indicates that the highest exposures to solar UVR, apart from among outdoor workers, 
are due to outdoor recreational activities, in which young people are often involved.195  
Personal UVR exposure (PE) can be estimated using social science methods (specifically 
questionnaires) but this relies on recall and the reporting abilities of participants.12,196 An 
alternative means of measuring PE is to use a dosimeter. Personal dosimetry provides a 
mechanism to measure UVR exposure under realistic conditions and has the advantage of 
providing information about wavelength.197 Dosimeters come with their own set of logistical 
challenges and, in general, are less suitable for large scale epidemiological studies.  
Personal UVR exposure is the result of a combination of the incoming ambient UVR (measured 
as global irradiance) and personal behaviour (body orientation, length of exposure and use of 
sun protection).198 As alluded to in Chapter 1, multiple factors affect both global irradiance and 
behaviour in the sun, as well as the interplay between them.175 
Ambient UVR can be measured using radiometers and spectroradiometers and national and 
international monitoring networks are well established. The size and expense of these 
instruments, however, make them inappropriate for PE measurement, which led to the design 
and use of portable dosimeters in the 1970s. At that time, increasing scientific insights into 
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ozone depletion gave rise to elevated concerns about sun exposure and the potential impact on 
skin cancer rates.199  
A dosimeter indicates the effect UVR has on a specific biological system. The effect is both 
measurable and reproducible.197 When considering sun exposure, most dosimeters have a 
response that mimics the erythemal action spectrum (EAS) as defined by the CIE, and are 
calibrated against another instrument that measures UVR under clear sky conditions.200 The 
EAS weights the contribution of different wavelengths to sunburn of human skin, but it is at its 
maximum at wavelengths of 298nm or less.201 The fundamental characteristics of a good 
dosimeter include ease of handling, linear relationship with UVR dose, photoaddition, 
independence from any effects of temperature and humidity, spectral sensitivity matching 
erythema, easy to convert information to UVR exposure dose and are low cost.199,202 
3.2 Using dosimeters to measure UVR 
Dosimeters measure UVR either by chemical, electronic or biological methods and they all aim 
to record the UVR exposure dose received by either the person wearing it, or the environment 
it is placed in. Polysulphone film dosimeters (PSF), a type of chemical dosimeter, have been a 
popular choice for studying PE in various behavioural, occupational and geographical 
settings.195,203,204 They are easy to use, low cost and continue to be used in field studies. 
Chemical dosimeters use a polymer which increases its optical absorbance in the ultraviolet 
range when exposed to solar UVR.198 The UVR induced change is then calibrated against a 
physical instrument such as a spectroradiometer so that a dose response curve can be generated 
and the erythemal UVR exposure dose of the film calculated.199 These small light-weight 
badges (a piece of PSF often mounted in cardboard), require no energy source and enable long 
term cumulative exposure measurements to be taken. If the casing is waterproof, they can be 
used to measure UVR exposure during water activities. Replacement is required when the film 
reaches saturation. The development of a polyphenylene oxide based dosimeter has extended 
the length of time this type of dosimeter can be used, with a dynamic range about four times 
that of polysulphone.194 Although chemical dosimeters offer an economical means of 
quantifying cumulative assessment of erythemal UVR exposure, they are unable to provide 
information about real time exposure and any changes in exposure rates during the study 
period.205  
Electronic dosimeters first appeared in the literature in the mid 1990s.206 Consisting of a sensor, 
an amplifier and a data logger, electronic dosimeters make time stamped measurements with a 
sensor that mimics the EAS and a cosine response. The dosimeter is small and lightweight, can 
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easily be worn on a strap or as a badge and can be mounted in a waterproof casing. Measured 
UVR data is transferred to a personal computer for analysis. As with all dosimeters, calibration 
is required. These dosimeters make it possible to investigate the pattern of sun exposure which 
provides useful information for targeting sun protection messages.207 Initially the cost of these 
dosimeters was about one hundred times that of a biofilm sensor, thereby making economically 
prohibitive their adoption in large studies.206 The earlier designs were relatively heavy, mostly 
due to the size of the battery, and data extraction was difficult, a process which had the potential 
to interfere with the stability of calibration, but advances in technology have helped to 
overcome these concerns.208 Electronic dosimeters are reusable and this, in conjunction with 
their capacity to store large amounts of data collected over long time periods, makes them 
suitable for scientific research. 
Biological dosimeters do not use a response that mimics the EAS. Instead, to measure exposure 
they use either spores or biomolecules which become damaged when in the presence of UVR. 
A VioSpor badge, for instance, uses a single layer of spores, an optic filter system (simulating 
the erythemal response of human skin) and a protective casing.209 UVR is assessed by 
measuring the proteins which are produced following UVR exposure on the film surface.198 
Personal UVR exposure can be expressed as a percentage or proportion of ambient exposure. 
This measure is useful when comparing the influence of behaviour irrespective of differences 
in ambient UVR. It is best practice to use ambient levels calculated from a horizontal surface 
at the same location as the study, but calculations are sometimes inferred from the closest 
physical instrument or from satellite data. Although most report a range between 0-100 percent 
it is possible to obtain values above 100%.198 This may happen when the dosimeter is in a 
position that directly faces the sun or where albedo contributes to the overall UVR exposure. In 
addition, it is important to consider the influence of duration of exposure on the data, as shorter 
sun exposure will result in a comparatively higher percentage of ambient exposure.198 Personal 
UVR exposure can also be expressed as a SED and earlier studies often report results as a 
MED.210,211 It is important to reiterate that ambient UVR measures provide only part of the 
information and cannot be used alone as reliable estimates of personal UVR exposure. 
Research shows that different anatomical sites receive differing UVR burdens.212 Therefore 
both the UVR distribution and the anatomical position chosen for the dosimeter will affect the 
measured PE.213 Dosimeters are often located on the wrist, which is a comfortable position to 
locate a dosimeter as it is similar to wearing a wrist watch. Studies have shown that, despite 
individual variation, the wrist receives about 50 percent of the UVR exposure dose received by 
the top of the head.210,214 The shoulder is another common position for dosimeter attachment. 
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When this site is used in conjunction with other sites on the same person, data indicates that the 
shoulder receives higher relative exposures.195 Studies have also shown that manikins, while 
useful for understanding the protection provided by PPE, are not as reliable as human studies 
when it comes to determining PE during activity.195,215  
Dosimetry studies have addressed various aspects of human UVR exposure in recent years. A 
Danish study was able to determine that about 25 percent of lifetime exposure is received before 
the age of twenty.216 The authors concluded that if we want to reduce cumulative lifetime 
exposure, adopting sun protection throughout life will be necessary.216 Although the UVR 
burden is distributed throughout the life course, dosimetry studies have also shown that 
teenagers have many more peak UVR days during which they may receive up to double daily 
SED than adults.101 This no doubt contributes to the high number of sunburns experienced by 
this age group.121 A large study involving 345 children from 23 schools around Aotearoa 
measured UVR exposure for one-week periods using electronic dosimeters.217 This study 
reported three high UVR exposure activities: physical education, athletics and lunch break.217  
Accurately measuring UVR exposure is a critical step in the process of identifying excessive 
and insufficient exposure in varying situations. Dosimeters have been used to calculate 
occupational exposure across a variety of work settings from commercial lawn mower 
operatives, builders, fruit pickers and roofers to polar scientists, mountaineering guides and ski 
instructors.203,218-220 This body of academic literature has informed the development of The 
Radiation Protection Standard for Occupational Exposure to Ultraviolet Radiation (2006), 
published by the Australian Radiation Protection and Nuclear Safety Agency (ARPANSA).221 
This standard aims to provide information on sun protection for both employers and employees 
in order to help reduce harm from excessive solar UVR exposure. Considerable attention has 
also been paid to validating self-reported UVR exposure questionnaires and a further body of 
work has investigated sun protection practices.214 
Although much has been gleaned from dosimetry studies, there remain various inadequately 
answered questions. For instance, attempts have been made to quantify the amount of UVR 
exposure commensurate with optimal health. Figure 3.1 illustrates the relationship between 
insufficient and excessive UVR exposure and health. Only bone disease is identified for 
insufficient but vitamin D deficiency may be related to other diseases too. Unlike other public 
health issues, such as tobacco control, where any amount of smoking is damaging for health, 
the public health messaging about sun exposure needs to take into consideration the balance 




Figure 3.1 Personal exposure to UVR relative to disease risk (adapted from Lucas, RM et al. Solar 
Ultraviolet Radiation, Global burden of disease from solar ultraviolet radiation, Environmental Burden 
of Disease Series, No. 13)222 
 
The CIE published a technical report in 2011 and provided recommendations on minimum 
levels of solar UVR exposure.223 This was, in part, informed by dosimetry studies. Cancers in 
addition to skin cancer were considered. They reported that: 
Although the evidence is not unequivocal, the committee has found considerable 
evidence to deem it plausible that solar exposure may reduce the incidence and 
mortality of colorectal cancer … Possibly the production of vitamin D plays a role 
in this respect.223 
Following a request from the USA and Canadian governments to assess available data on health 
outcomes related to vitamin D (and calcium), the Institute of Medicine (IoM) released its own 
report in December 2010.224 Although the report recommended further research on the role 
vitamin D and calcium play in health outcomes, they concluded that there was insufficient 
evidence to support consuming more of either nutrient for protection against chronic diseases 
such as cancer and diabetes or to improve immune function.224 In addition, they reported that 
the level of serum 25-hydroxyvitamin D needed for good bone health for healthy individuals 
was 50 nmol/L and that national surveys in both countries indicated blood levels above this 
guideline.224 They also highlighted difficulties with the vitamin D blood testing regime and 
concluded that vitamin D deficiency was overestimated in the population.224 The IoM recently 
confirmed their conclusions in recommendations to clinicians.225   
Although the amount of UVR exposure for optimal health remains elusive, the evidence linking 
excessive exposure to UVR and skin cancer is well established, as is the link between increased 
risk of melanoma with increasing number of sunburns.62 Almost twenty years ago, Euroskin 
organised its second workshop ‘Children under the Sun-UV-Radiation and Children’s skin’ in 
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collaboration with the WHO.226 Based on the premise that measuring sun exposure among 
youth was sparse, it recommended that “…further studies on the correlation between 
environmental UVR measurements and personal dosimetry studies should be carried out….”226  
A review of literature by Wright and Reeder in 2008 suggested that at that time, there was 
insufficient information for both the development and evaluation of specific youth targeted sun 
protection programmes.227 They recommended that studies be undertaken to measure the 
precise UVR exposure of activities in combination with what sun protection measures are being 
used for both children and adolescents.227 A lack of studies may be related to combining the 
difficulties associated with personal dosimetry and those associated with working with youth 
in the field. As Pettigrew (2020) states; “The use of dosimeters with adolescents is recognised 
as challenging”.228 
3.3 Literature review 
Participants in outdoor sport competitions that take place over extended time periods during the 
summer season are predestined for high UVR exposure. Although there is considerable 
academic literature dedicated to dosimetry and the measurement of PE, there are limited studies 
on the PE received during sport. The specific aim of this literature review was to consider 
available literature concerning personal UVR exposure, measured using dosimetry, during sport 
participation.  
3.3.1 Search strategy, inclusion and exclusion criteria 
In order to be included in the literature review, scholarly articles were required to measure PE 
using dosimetry either during competitive sport, or during training for competitive sport, when 
the UVI was sufficient for sun protection to be recommended. Professional and amateur sports 
people were included. These criteria were applied to all types of dosimetry. 
Scholarly articles that met the criteria were identified using Ovid, PubMed and Scopus search 
engines. The key words used to identify relevant literature were; dosimeter* ultraviolet rays*, 
solar, sunlight, sport* or player*, training or recreation, athletes or exercise. The literature 
search was limited to studies on humans, conducted from 1990-2018, and that were published 
in the English language.  
The search identified a total of 391 articles (Figure 3.2). After duplicates were removed 366 
articles remained. At this point the titles and abstracts were read and a further 335 publications 
were excluded as they did not meet the inclusion criteria. The following types of PE studies 
were excluded: 1) studies addressing PE during winter sports such as skiing, 2) studies 
 
 49 
examining work place or occupational exposure; 3) studies examining lifetime sun exposure, 
or exposure during holidays; and 4) studies analysing sun protection behaviour. A proportion 
of the literature dedicated to using dosimetry as a means of validating self-reported sun 
exposure records to estimate personal exposure were excluded. A final group of studies that 
considered the intricacies of dosimeter use were also excluded.  
The remaining 31 articles were read in full, and 20 were excluded as they did not meet the 
inclusion criteria. Two additional research studies were included, one identified from a review 
article and one from a reference list. The methods and results of each study were then critiqued 
(Table 3.1). This step clearly highlighted a gap in the literature relating to adolescent UVR 
exposure during competitive school sports. 
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The literature review yielded 13 studies from seven countries (South Africa, Japan, Austria and 
Switzerland (1 each), Spain (2), Australia (3) and USA (4)). The range of sports where the PE 
has been measured using dosimetry was limited to running (2), cycling (4), tennis (3), golf (4), 
triathlon (iron-man) (1), gate-ball (1) and baseball (1). Different types of dosimeters were 
utilised across the studies: electronic (2), chemical (5) and biological (6).  
There were large variations in study methods. Both the position where the dosimeter was 
attached to the participant and the number of dosimeters deployed per subject varied across 
studies. During the iron-man competition and half marathon studies, athletes had one dosimeter 
attached (back and upper arm respectively), whereas Sung et al. placed sixteen dosimeters on 
each golf playing participant at various anatomical sites to measure PE.229,236,237 Nurse et al. 
reported difficulty recruiting half marathon runners as they did not want to wear the dosimeter 
because it was expected to be annoying and uncomfortable.229 This highlights the need to have 
the dosimeter in a position that does not impede physical activity, is comfortable, and not a 
distraction to the participant. 
There were also large differences in the measurement duration between studies (67 minutes for 
a game of tennis in Vienna, to 9 hours to complete an iron-man competition in Hawaii). The 
time of day during which an activity takes place is another important consideration, given the 
bell-shaped distribution curve daily UVR follows (Figure 3.3). The studies included in this 
review were conducted from early morning to late in the day.229,234 
 
Figure 3.3 Graph showing ambient UVR rising through the day peaking at solar noon before 




Moreover, there is a lack of consistency in how data is reported. Although the SED is the 
internationally recognised unit for expressing UVR exposure dose, the studies in the literature 
review reported MED, Erythemally Effective Dose, UVI and percentage ambient UVR.227  
Comparing percentage ambient UVR between studies can be useful, but the presence of cloud 
or air pollution, for example, both of which reduce ambient UVR, make comparisons between 
studies problematic. Some studies were able to report meteorological parameters and ozone 
levels and this information is useful when interpreting results, but not all studies provided this 
level of detail. Furthermore, some of the PE measurements were undertaken in open fields with 
no shading (baseball) and some studies reported the presence of shade during part of the activity 
(running and, periodically, during golf) which also make comparing percentage ambient results 
difficult.195,229,239  
Therefore the use of information generated by personal dosimetry is challenged by the fact that 
it cannot readily be generalised between activities, study sites, or body parts.198 This makes the 
task of extrapolating results beyond the immediate data collection context methodologically 
challenging. 
Despite all of these limitations, dosimeter studies do offer an indication of the levels of exposure 
individuals receive during particular sports, and this in turn can be used to tailor the design of 
skin cancer intervention programmes. Of the thirteen studies identified in the literature review, 
all but two (Nurse et al. 2015 and Herlihy et al.1994) directly recommended sun protection. 
Many athletes were found to be exposed to extreme levels of UVR. In the case of the cyclists, 
Moehrle et al. reported that the personal exposure level determined during some races exceeded 
international exposure limits by more than thirty times.211 In comparison, the study on marathon 
runners returned low exposure results, which was almost certainly a reflection of the time of 
day that the participants were running, with five of the eight runners finishing training before 
8am when ambient UVR is low. Even the competition runs were completed by 10am. The 
authors did note how effective scheduling activity outside of peak UVR hours is for reducing 
exposure doses. This point was also noted by Moehrle et al. who recommended individuals 
training for iron-man competitions should do so outside of peak UVR hours.229,237  
Research undertaken by Sung et al. studied the PE (UVB) of golfers at specific body sites and 
the effects of clothing in reducing UVR.236 The results showed that when designing sun 
protective clothing for golfers, a deep double yoke of fabric would provide better protection 
across the upper back , neck and shoulders (all areas of high exposure) than current designs.236 
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They were also able to confirm that polyester or nylon fabrics provided better protection than 
cotton, linen or rayon fabrics.236  
3.4 Summary 
This chapter reviewed the academic literature that considers the quantification of human UVR 
exposure using different types of dosimeters. The relative paucity of studies using dosimeters 
arises from the logistical challenge inherent in their deployment, which make them challenging 
to use, particularly in large scale epidemiological studies. The literature review presented in 
this chapter is outlined in terms of search strategy, and inclusion and exclusion criteria, before 
variations in study methods and key findings are critically reviewed. Summer sport sun 
exposure can be extreme and studies recommend training and competing outside of peak UVR 
hours as much as possible. It is difficult to extrapolate results from one study population to 
another. Quantifying the UVR environment experienced by particular competitors during 
specific sports requires physical measurement and electronic dosimetry studies have the 
potential to provide such measures. Chapter four outlines the rationale for the research reported 





 Chapter 4: Research Aims and Objectives 
4.1 Rationale for research 
A comprehensive review of the existing literature reveals a paucity of research measuring PE 
using dosimeters during competitive sport when the UVI is 3 or above. Furthermore, no 
research has been carried out in competitive secondary school sports settings and no studies 
have been undertaken in Aotearoa where skin cancer rates (along with Australia) are the highest 
in the world. 
Skin cancer is the most common cancer in Aotearoa (see section 1.8) and few cancers are as 
preventable as skin cancer. The single most important potentially modifiable risk factor for 
reducing the incidence of skin cancer in Aotearoa is to reduce exposure to UVR that causes 
harm.71 Dosimetry studies have shown that athletes competing in outdoor summer sports can 
receive high UVR exposure doses and Moehrle (2008) concluded that “athletes practicing 
outdoor sports are at increased risk for melanoma and non-melanoma skin cancer.”240 Sun 
exposure during water sports may be higher and the number of nevi (a known risk factor for 
cutaneous melanoma) have been found to be more frequent in subjects who participate in 
endurance outdoor sports.159,240  
Youth have been identified as a priority population for skin cancer prevention.121 In general, 
those in youth age groups report more sunburns and engage in fewer sun protective behaviours 
relative to other age groups (section 2.7.2). Both high levels of intermittent sun exposure and 
chronic sun exposure are well documented patterns of risk for the development of skin cancer 
later in life.71 Increasing numbers of sunburns are directly linked to increased melanoma risk 
for all time periods (childhood, adolescence and adulthood). In addition, KC are predominantly 
associated with cumulative UVR exposure therefore leaving the most exposed areas, including 
the face, back of the neck eyes and ears at high risk.100 
Although the exact role of sun exposure at different life stages is not fully understood, there is 
some evidence to suggest that exposure early in life may initiate the process of development 
through DNA damage.92 Furthermore, learning skin cancer protection practices early in life 
may influence subsequent behaviour throughout the life course of an individual. Therefore, 
preventing episodes of sunburn and overexposure to solar UVR in childhood and adolescence 
is crucial to reducing the incidence of skin cancer later in life. Eye damage such as cortical 
cataracts and pterygium can also result from excessive UVR exposure (section 1.9). Skin cancer 
prevention campaigns have the added advantage that they may also improve eye health. Just as 
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light coloured skin types are at greatest risk of skin cancer, light coloured eyes are most 
vulnerable to UVR, although unprotected eyes of all colours are at risk.222 
Young adults are more likely than other age groups to be involved in organised sport.241 This 
age group are also more likely to demonstrate low compliance with sun protection 
behaviours.242 This makes summer outdoor sports settings a high priority for skin cancer 
prevention programmes.  
Rowing is a popular secondary school summer sport in Aotearoa with over 150 schools 
competing nationally. Secondary school rowing is administered within a long-standing national 
structure that is headed by the national body, Rowing New Zealand, and supported by an 
established rowing community of coaches and volunteers. The competitive season coincides 
with peak UVR in Aotearoa, and there is anecdotal evidence, typically in the form of 
photographs showing sunburn, that secondary school rowers get sunburnt (Figure 4.1). 
  
Figure 4.1 Sunburn received while at a school rowing camp in January reported in Stuff.co.nz, 
(14:40, November 25 2019) as part of a complaint about Cancer Society 50 +SPF sunscreen. The 
second photograph on the right shows the sunburn the day after exposure. 
 
Another potentially modifiable risk factor identified in the New Zealand Skin Cancer Primary 
Prevention and Early Detection strategy 2017-2022 is “inadequate environmental, social and 
policy support for appropriate personal UVR protective practices.”71 There is little evidence 
that sun protection policies or best practice guidelines are embedded at secondary school level 
or adopted by summer sports organisations. For instance, Rowing NZ provide in-depth online 
information regarding regattas and water safety, but make no mention of sun protection. Using 
the Ottawa Charter and Haddon Matrix in combination, it becomes clear that improving sun 
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protection behaviour in this setting will only be achieved through comprehensive community-
wide health promotion interventions.126,140 The first step towards skin cancer prevention in a 
rowing setting is to understand the UVR outdoor environment within which rowers compete. 
This research focuses on the UVR exposure of secondary school rowers during Rowing NZ 
sanctioned regattas. These regattas are subject to strict timetables that run throughout the day 
and regulations governing uniforms worn by competitors. All rowing activity outside of 
competition was excluded from this research. This is because rowing practice sessions are 
managed outside the jurisdiction of Rowing NZ, being scheduled and managed at the discretion 
of schools/coaches, and usually take place outside peak UVR hours. Rowing practices have no 
uniform requirements.   
Working with rowing organisations to determine UVR exposure also provides an opportunity 
to build social capital between prevention organisations such as the CSNZ and secondary school 
rowing administrators, coaches, athletes and support staff. This is an important step, as at the 
core of this public health approach is the need to empower the local rowing community to 
become actively involved in efforts to promote sun protection. The second step is to gain an 
understanding of what sun protection measures are already being taken by rowers. This includes 
the use of headwear, sunglasses and clothing. This aspect of the research was intended to 
provide a baseline for future evaluation of sun protection behaviours. It also affords insights 
into the level of change in the rowing community required to enable more athletes to routinely 
adopt sun protection practices. As suggested in a review of twenty-nine studies in 2005, “studies 
are required which document precise UV exposure, concurrent activities and sun protection 
usage for children and adolescents.”227 The use of sunscreen was specifically excluded from 
this research because, although sunscreen is an important component of sun protection, its use 
lies outside the jurisdiction of the governing body of the sport. 
4.2 Research question 
Does the UVR exposure of secondary school rowers during competitive rowing warrant a 
reconsideration of the rowing uniform regulations in the interests of student wellbeing? 
4.3 Research aims and objectives 
This study of secondary school rowers during competitive racing events at regattas addresses 
two main aims and four related specific objectives: 
Aim 1: To use electronic personal dosimeters to quantify the real time solar UVR exposure 
experienced by selected Otago race participants.  
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Objective 1.1: Measures will be obtained to determine if race-time UVR exposure: 
(a) reaches 1 SED (based on the Australian Radiation Protection and Nuclear Safety 
Agency recommendation41 that ‘one SED per day is considered safe for most 
people’; 
(b) falls within the range 1.5 to 3 SED (based on the estimate that for individuals with 
light coloured skin this is, typically, the dose required to produce visible damage, 
as indicated by the first signs of skin reddening 24 hours after exposure).243  
Objective 1.2: Descriptive UVR exposure statistics reported for each race and regatta will 
include the: 
(a) total SED received (where 1 SED equals 100 J/m2);  
(b) median (25th and 75th percentiles) SED received per hour; 
(c) median (25th and 75th percentiles) of the concurrent ambient erythemally weighted 
UVR received. 
Aim 2: From photographic records, to examine and report observable sun protection practices. 
Objective 2.1: To provide baselines for the use of headwear (hats, caps and visors), sunglasses, 
and other clothing. 
Objective 2.2: To determine any differences based on sex and age. 
4.4 Summary 
This chapter sets out the rationale for the research presented in this thesis. It reflects upon the 
scarcity of research measuring PE using dosimeters during competitive sport and, within this 
context, the lack of scholarly attention that has been paid to competitive secondary school sports 
settings to date. It notes that youth are a high priority demographic for skin cancer prevention, 
in part because while youth report relatively high levels of sunburn, they also practice fewer 
sun protective behaviours relative to other age groups. In terms of the broader research context, 
rowing is observed to be a popular outdoor secondary school sport in Aotearoa, which takes 
place during a competitive season that coincides with peak seasonal UVR. This research not 
only aims to measure the UVR environment, but also to measure the use of observable sun 
protection. This chapter outlines the two overarching aims of the research and associated 




 Chapter 5: Study design 
This chapter outlines the study design and rationale for data collection procedures and analysis 
to achieve the two aims of the study. The study design required the execution of a programme 
of field work to collect data during the 2018-19 and 2019-20 Otago rowing competition seasons. 
All aspects of the research design are considered here, along with procedures that were 
developed and implemented to collect the data required to achieve the two research Aims. Data 
storage, security and analysis processes are also outlined. 
5.1 Study design and ethical considerations 
In order to achieve the aims of the research, the study comprised two parts. Part one involved 
quantitative research using dosimetry to measure personal UVR exposure during secondary 
school rowing competitions (Aim 1). The second part involved an observation study of sun 
protection practices (the use of a cap, visor, bucket hat, sunglasses and clothing) from 
photographic images of rowing crews taken during competition at two regattas (Aim 2). 
This study required Category A ethical approval from the University of Otago Human Ethics 
Committee because data were collected from participants aged sixteen years and under. The 
process of applying for ethical approval required the comprehensive identification of potential 
ethical issues, and processes and procedures for addressing these in the study design. In order 
to address these issues, it was necessary to obtain the explicit support of participating schools, 
signed parental consent on behalf of all participants aged sixteen years and under, and the 
approval of all participants. In addition, both national and regional Rowing Association 
approval was required. Verbal approval of the race directors at all regattas and agreement about 
data collection locations and procedures at the race venues as determined by health and safety 
requirements were also necessary.  
All photographs taken by the researcher will be stored securely for five years after completion 
of the research, and then destroyed, except any retained for use in publications and 
presentations. In these instances, full permission was obtained from the athletes involved. 
Ethical approval was granted by the University of Otago’s Human Ethics Committee (reference 
NO18/69) (Appendix A). 
5.2 Sequence of events 
A research proposal was submitted to the Otago Rowing Association, a key stake holder, to 
seek approval and support for the study, in principle. The manager of Rowing Otago facilitated 
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a meeting with coaches and school rowing team representatives (14 August 2018) where the 
proposal was discussed in full, including the opportunity for questions to be raised and 
addressed by the researcher. Following a positive response from all participants, South Island 
Rowing and Rowing New Zealand were approached to discuss the research and they agreed. 
5.3 The quantification of real time UVR exposure of secondary school
 students during competitive rowing (Aim 1) 
All secondary school rowing clubs under the umbrella of the Otago Rowing Association Inc. 
were eligible for participation and all students, female and male, who intended to row for their 
school during the 2018-19 rowing season were invited to participate (Figure 5.1).  
 
KEY 
BAYF - Bayfield High OBHS - Otago Boys High School 
COLU - Columba College OGHS - Otago Girls High School 
CROM - Cromwell College QHSD - Queens High School Dunedin 
DUNS - Dunstan High STHI - St Hilda’s Collegiate 
JMCG - John McGlashan College STKV - St Kevin’s College 
KAVA - Kavanagh College WTKB - Waitaki Boys High 
KHSD - Kings High School Dunedin WTKG - Waitaki Girls High 
MTAS - Mount Aspiring College  
Figure 5.1 Approved colours for current member schools in the Otago region of the New 
Zealand Secondary Schools Rowing Association (NZSSRA). Eleven of these schools participated 
in the study (source: New Zealand Secondary School Rowing 
https://www.schoolrowing.org.nz/nzssra.php?page=XFS&region=ot) 
 
Rowing positions are competitive within a squad and crews change throughout the season, 
therefore participation from the whole squad was sought. However, only rowers in the stroke 
position (the rower seated closest to the stern of the boat) or single scullers (an individual who 
propels the boat with two oars, one in each hand) were eligible to wear a dosimeter while 
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competing. Selection as a stroke or single sculler usually reflects a significant level of rowing 
competence and rowers in these positions were chosen as less likely to be distracted by wearing 
a dosimeter during competition. The names of the strokes and single scullers are also routinely 
printed on race schedules, which assisted identification of a consented rower. Of the fifteen 
schools involved with the Otago Rowing Association at the time, rowers from eleven schools 
participated in the dosimetry measurements. Four schools did not participate because two were 
unable to provide consent for any of their rowers, the coach at another school did not want their 
rowers to participate, and a further school was contacted but was not entering any rowing crews 
during the field work period.  
School principals under the jurisdiction of Rowing Otago were emailed (Appendix B) to inform 
them that their school rowing crews would be invited via their school sports coordinators to 
participate. Although any principals who did not wish their school to be included in the study 
were able to communicate this decision via email or phone, no such communications were 
received. Enlisting the help of the school sports coordinators was crucial as schools were not 
permitted to supply student contact details directly to the research team.  
5.3.1 Method of recruitment of participants  
Sports coordinators from the participating schools listed in Figure 5.1 were contacted by phone 
to discuss the research and ascertain if the school was intending to enter rowers for the 
upcoming competition season. Sports co-ordinators provided advice as to who should distribute 
the Information Sheets and Consent Forms for individual rowers (Appendices C & D). Three 
schools preferred to proceed through the teacher in charge, five via the rowing coach, two 
through the parent in charge and the sports coordinator for one school chose to receive the 
required consent directly (Figure 5.2). Once the appropriate person to contact was established, 
arrangements were made to deliver the Information Sheet and Consent Form to participating 
students. Sports co-ordinators were also asked to forward an email to the parents of those rowers 
who were sixteen years of age or younger, with the information sheet, as required by the Human 
Ethics Committee (Appendices E & F). All forms were returned either to the University, or to 




Figure 5.2 Sequence of permission to undertake research 
 
The parental consent process was complex (Figure 5.3). School sports coordinators warned that 
schools often experienced difficulty obtaining permission for school trips and that many 
attempts to gain permission from parents / caregivers may be required. This transpired to be the 
case, causing a significant delay in the commencement of field work. As a result, field work 
took place over two rowing seasons rather than one. Although rowing squads were aware of the 
project, only a few parents (n=33) gave consent via email, text or on hard copies of the consent 
form. A small number of the parents of those who row in the stroke position were also 
approached opportunistically and at regattas, and consent was obtained for a further ten 
students. A list of eligible rowers was drawn up (n=47) which included those with parental 
consent (n=43) and rowers aged seventeen who gave their own consent (n=4). Following 




Figure 5.3 Parental consent for rowers aged sixteen years and younger 
5.4 Study sites  
Dosimeter data collection was undertaken at two rowing sites, Lake Ruataniwha, 470 meters 
above sea level (44.2798° S, 170.0675° E) and North End Rowing on Otago harbour at sea 
level (45.8167° S, 170.6500° E) (Figure 5.4). Lake Ruataniwha is the home base of South Island 
Rowing where schools and clubs compete from all over the South Island to gain experience and 
to qualify for the season-ending Maadi Cup regatta. Lake Ruataniwha is a snow-fed hydro lake 
which has a purpose-built, 2000-metre, ten-lane Albano course, although only eight of the 
available lanes are commonly utilised for competitions. The lanes are fully buoyed with 
markers every 500 meters. The course is straight with little but even flow against the race 
direction (Figure 5.5).244 South Island Rowing is a voluntary organisation responsible for 
adhering to the New Zealand Rowing Association Rules of Racing. The Otago Harbour hosts 




Figure 5.4 South Island / Te Wai Pounamu study sites (source: Topographic map 265-2 South Island 
(Crown Copyright Reserved) 
 
 
Figure 5.5 Arial view of Lake Ruataniwha rowing venue (source: The Timaru Herald, 10 January, 





Figure 5.6 Otago Harbour, North End rowing venue (source: Sharron Bennet photography, with 
permission) 
5.5 Data collection  
The summer regatta season begins in September and runs until April. Schools independently 
chose which regattas they attended. The study period included races from two consecutive 
domestic seasons 2018-19 and 2019-20 (Table 5.1). School-aged rowers competed in both 
school and club regattas, at both local and regional level. Cost constraints meant that only four 
dosimeters were available for use in the study, so a limited number of students had the 
opportunity to wear a dosimeter at any regatta. Regional rowing regattas were held over two or 
three days. Data collection only occurred during the heats on day one at Lake Ruataniwha to 
ensure that the study did not negatively impact any rower on finals day, an important 
consideration raised by coaches in the preliminary discussions. The only exception to the 
processes outlined above arose at the single regatta on the Otago Harbour. The variation that 
arose during this smaller local regatta was that dosimeters were able to be deployed throughout 





Table 5.1 List of regattas attended where dosimetry data were collected 
Date  Regatta / dosimetry study site Regatta Code 
8 December 2018 Otago Championships, Lake Ruataniwha A 
19 January 2019 Canterbury Championships, Lake Ruataniwha B 
2 February 2019 South Island Championships, Lake Ruataniwha C 
3 November 2019  Port Chalmers/Otago Harbour D 
14 December 2019 Otago Championships, Lake Ruataniwha E 
18 January 2020 Canterbury Championships, Lake Ruataniwha F 
1 February 2020 South Island Championships, Lake Ruataniwha G 
 
5.5.1 Races included  
In order to capture seasonal variations and to gain insight into the level of UVR exposure 
experienced by rowing competitors, data were collected from individual races across the day at 
seven South Island regattas. The inclusion criteria were: 
• the race event included a consented rower; 
• dosimetry began when the UVI for an event was 3 or above; 
• dosimetry continued on this basis as dosimeters and consented rowers became available 
as outlined further below. 
The preliminary day sheet for the regatta provided by the race coordinator, included, the event 
and age group, time of event, distance, bow number and lane for each crew. The name of the 
rower in the stroke position was also provided on the day sheet. All boat classes (both sculling 
and sweep rowing) in each school age group were eligible (U15, U16, U17, U18) (Table 5.2) 
(Appendix G). The schedule of events offered at each regatta was based upon entries in each 
boat class and available time, therefore not every boat class in every age group was timetabled 
for competition.  
Although regattas started early in the morning, data collection did not begin until the UVI level 
had either already reached 3 (the criterion level) or was expected to reach 3 during the race (the 
WHO recommends that sun protection is required when the UVI reaches 3 or more).245 This 
was determined using the free UV2Day cellular phone application (app) that provides forecasts 
of the UVI with or without cloud effects throughout the day at selected locations throughout 




Table 5.2 Rowing classes of boat and description 
Event Description Event as listed on day sheet  and reference 
Single sculls One rower,  two oars 
BU17 1X 
Boys under-17 single skulls 
Double sculls Two rowers,  two oars each rower. 
GU15 2X 
Girls under-15 double skulls 
Pair Two rowers, one oar each.  
BU18 2- 
Boys under-18 coxless pair oars 
Quadruple sculls Four rowers,  two oars each rower. 
GU16 4X 
Girls under-16 coxless quadruple skulls 
Coxless four  Four rowers, one oar each rower.  BU18 4- 
Coxed four Four rowers plus coxswain,  one oar each rower.  
BU17 4+ 
Boys under-17 coxed four 
Coxed Quadruple 
Sculls  
Four rowers plus coxswain,  
two oars each rower. 
GU16 4X+ 
Girls under-16 coxed quadruple sculls 
Coxed Eight  Eight rowers plus coxswain,  one oar each rower.  
GN18 8+ 
Girls under-18 novice coxed eight 
Coxed octuple sculls  Eight rowers plus coxswain,  two oars each rower  
BU15 8X+ 
Boys under-15 coxed octuple sculls 
Where X is skulls, + a coxed event and – a coxless event. 
 
The app included behavioural messages based upon the risk for people with fair skin and 
provided current and peak UVI information. In 2019, the UV2Day app was superseded by the 
UVNZ app. The update had the added advantage of providing tailored behavioural advice based 
upon skin type. It provided guidelines on exposure to sunlight at any particular time of the day 
without there being any visible signs of skin damage. The UV2Day app continued to provide 
information for several months to allow people time to change over to the newer version 
(UVNZ). Once data collection began at the regatta, the next race to be included depended upon 
a consented rower being available as well as a dosimeter. Data continued to be collected on that 
basis until weather conditions, such as wind, halted racing or when competition for all 
consented competitors was complete. 
5.5.2 Dosimeters for UVR quantitative data collection 
Personal erythemal UVB radiation (280-320nm) exposure was measured using four 3-volt 
lithium battery powered electronic dosimeters (Figure 5.7). Cost constraints meant that only 
four dosimeters were available for the study so a limited number of students had the opportunity 
to wear a dosimeter at any regatta. Each dosimeter weighed 26 grams (including battery), 
measured 36 mm in diameter and was 12 mm thick. Time stamped measurements were obtained 
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at 8 or 10 second intervals via a sensor with a spectral response that mimics the erythemal action 
spectrum and cosine response. Dosimeter data were downloaded using an optical docking 
station connected via a USB port. The data were assessed using Teraterm software, then 
downloaded and entered into an Excel spreadsheet (Version 16.16.25 200810) for analysis.246 
The shoulder position on the stroke or single sculler was elected as the best position for the 
dosimeter to be based (Figure 5.8). This was because it offered a potentially horizontal plane 
for the dosimeter to be positioned and was the least disruptive position for rowers. The stroke’s 
name is listed on the regatta day sheet making it easy to identify a rower with the relevant 
consent. This also applied to the single sculls. 
 
Figure 5.7 Dosimeter and cradle (left) (source: UV Dosimeter Badge User’s Guide, Rev 29.2, 
Scienterra LTD with permission). Dosimeter used for data collection (right) (source, H Lowery). 
 
  
Figure 5.8 Rower with the dosimeter in place (left) (source: researcher’s own with permission) and 
dismantling the dosimeter to change the battery (right) (source: UV Dosimeter Badge User’s Guide, 




The battery for each dosimeter was changed between seasons by removing the silver ring, the 
back plate and then the rubber ring and circuit board (Figure 5.8). When the battery was 
replaced correctly, a flashing red light indicated the dosimeter’s power supply had successfully 
been restored. 
5.5.3 Dosimeter calibration 
Calibration was required to ensure the reliability of the dosimeters. The four dosimeters used 
in this study were first calibrated by Scienterra on the 16 October 2018 (Appendix H). As 
electronic components can degrade over time, the dosimeters were recalibrated by Scienterra 
on two more occasions between rowing seasons (Appendix I). For calibration, dosimeters were 
placed flat on a horizontal surface with full view of the sky on a cloudless day. Exposure to 
both diffuse and direct UVR is required under clear sky conditions (no shadowing of the 
dosimeter can occur during the data collection for calibration) for ambient UVR to be measured. 
An atmospheric radiative transfer model was used as the source of reference for the calibration 
calculations. A Yankee UVB-1 broadband radiometer operated by NIWA, 100km to the west 
at Lauder Atmospheric Observatory, was used to validate the radiative transfer model. 
Calibrating personal dosimeters against a broadband instrument such as the Yankee UVB-1 
broadband radiometer is international best practice.247 Four additional dosimeters were 
provided by Scienterra for use at regatta E when the original dosimeters were mishandled by a 
courier company. Calibration information was also provided by Scienterra for these dosimeters 
(Appendix J). 
5.5.4 Dosimeter field work  
The race controller for each regatta was informed that the dosimeters would be deployed on 
selected athletes, with the required consents, during some races. Relevant regatta officials were 
then informed so that the researcher’s presence and use of dosimeters would be officially 
recognised. This was important, as the rules preclude any mechanism fitted onto rowers that 
assists crews with cadence (stroke rate), and a dosimeter may look similar to one of these. In 
addition, access to the boat park area, where the researcher was based in order to be able to 
attach and retrieve the dosimeters, is usually restricted to officials, coaching staff and 
participating rowers.  
Dosimeters were mounted on a soft 1.6cm wide satin-ribbed ribbon. The ribbon was attached 
under and around the top of the left shoulder strap of the rowing zootie (Figure 5.9). This 
procedure allowed the dosimeter to sit as flat as possible on top of the shoulder in a standardised 
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way for all participants. Different body sites receive varying amounts of UVR due to differences 
in bodily orientation to the solar zenith angle (see section 3.3.2). Although the head receives 
more UVR than any other part of the body, it was too difficult to establish a standard position 
and method of attachment to the head that would be acceptable to the participants.100 The 
position and method of attachment of the dosimeter was trialled with two rowers. It was found 
to be suitable as it was soft enough to cause no irritation to the rower or impede the rowing 
action and did not damage the Lycra fabric of the rowing zootie – which was known to be an 
important cost consideration for parents. The ribbon also allowed the dosimeter to be shifted 
quickly from one rower to the next.  
 
Figure 5.9 Rowing student leaving the boat park (left) and school student wearing club colours 
(right) each with a dosimeter secured on the left shoulder (source: researcher’s own with consent) 
 
Each selected participant had their personal erythemal UVR exposure measured using one of 
the four electronic dosimeters deployed during each regatta. The dosimeters were programmed 
to start at least one hour in advance of the first selected race, and to finish recording at least two 
hours after the last selected race. The times when dosimeters were attached and removed from 
each participant were manually recorded in the research project log book. The dosimeters 
remained stored covered in a pocket before being utilised. Manual recordings were able to be 
matched to the time-stamped data at the point where the UVR level abruptly increased when it 
was being attached to the shoulder strap. The dosimeter was attached either to the rower in the 
stroke position or a single sculler when they were waterside and about to push off and row to 
the starting point of their race. At the completion of the race, the researcher met the crew 
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waterside back in the boat park to remove the dosimeter. Crews from racing were separated 
from crews leaving by a buoyed line in the boat park area (Figure 5.10). The dosimeter was 
removed once the boat was stable at the exit point end of the boat park and the participant 
stepped onto land. When there was very heavy traffic in the boat park, dosimeter removal was 
sometimes delayed but was noted in the field notes. 
The term ‘race-time’ in this thesis refers to the total time on the water in order to compete in 
the rowing race. This includes the period rowing to the start line, the race and the period rowing 
from the finish line back to the boat park. 
 
Figure 5.10 The rowing course at Lake Ruataniwha (source: Lake Ruataniwha race information 
http://rowit.nz/download/siss2019-conditions.pdf) 
5.5.5 UVR exposure analysis   
Rowers’ UVR exposure was calculated in three ways: (a) total race-time UVR exposure 
expressed in SED, (b) SED per hour and (c) percentage of the concurrent ambient UVR. The 
median SED per hour, 25th percentile and 75th SED percentiles were also calculated for each 
regatta as recommended in a review of non-occupational dosimeter studies.198 UVR exposures 
are described in SED units, the recommended unit for expressing personal UVR exposure. As 
described earlier (see section 1.3), the SED is measured in units of Joules per m2 (Jm-2) where 
1 SED equals 100 J/m-2 of erythemally weighted UVR. The time averaged erythemal dose can 
be calculated for a specific time period using a mathematical relationship between UVI and the 
number of SED. The UVI as already explained (see section 1.5) is defined as 40 times the 
erythemally-weighted irradiance (UVEry) expressed in Watts per metre2 (Wm-2): 
UVI= 40 x UVEry (Wm-2) 
The UVR exposure dose to which a rower may be exposed is a measure of both intensity and 
duration of exposure.39 The time averaged erythemal dose can be calculated.39 The dose (Jm-2) 









= UVEry x 3600s per hour 
= (3600/40) x UVI 
= 90 x UVI (Jm-2) 
= 0.9 x UVI (SED) 
The UVI can be calculated from the dosimeter data. If the UVI = 6, the hourly erythemal dose 
= 540 Jm-2, which is equivalent to 5.4 SEDs received in one hour. 
Percentage ambient UVR was calculated as the rower’s personal UVR in SED per hour over a 
race divided by the concurrent available ambient UVR, also measured in Jm-2. The Ambient 
UVR for Lake Ruataniwha was an estimate based on data from Tara Hills, which is the closest 
NIWA site to Lake Ruataniwha (approximately 28km SSW of Twizel). The NIWA UV Atlas 
database uses data on ozone, temperature and humidity to estimate incident UVR under clear 
skies and then corrects for the effect of cloud providing hourly estimates of true UVR exposure 
dose (erythemally weighted) (Jm-2).248 
Weather conditions, such as temperature (sourced from AccuWeather Inc), are also reported. 
Cloud cover at each regatta was photographed and used to inform the dosimeter results. 
Photographs are provided with each regatta summary. 
5.6 Quantifying observable use of sun protection (headwear, sunglasses and 
clothing) during competitive rowing (Aim 2) 
The second part of the research involved taking photographs at the start line of all crews entered 
in selected rowing events. Photographic data were collected and analysed to investigate the use 
of visible sun protection (caps, visors, bucket hats, sunglasses and clothing) while competitors 
participated in races at two regattas: B which also included dosimetry data, and South Island 
Secondary Schools (SISS) where only photographs were collected. All information collected 
was anonymous and no contact was made with the students being observed. This technique has 
been used successfully by other researchers in skin cancer control in Aotearoa.249 
5.6.1 Observational photographic data collection  
The observation of rowing events occurred from a public place where photography is not 
restricted. Although the start line is a public place, supporters are restricted to certain areas and 
a loud speaker is employed to remind onlookers of the rules. Permission was given to stand 
outside of the officials’ start line hut by the race controller. This is the point where professional 
regatta photographers are able to stand providing a clear view of crews entering the start line 
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area (Figure 5.11). Crews were also photographed from the area adjacent to the start line (Figure 
5.12).  
5.6.2 Photographic data for a mixed selection of boat classes 
At Regatta B, the races to be photographed were based upon events with at least two heats when 
the UVI indicated sun protection would be required. Selecting only one event in each age group 
ensured no student was counted twice in the analysis for this dataset. Each crew across the heats 
in the event was photographed including the coxswain when relevant. Regatta B was a club 
regatta where schools can compete in either school or club colours. All crews entered in the 
event, irrespective of region, school or club represented, were photographed in the U15, U16 
and U17 school age group categories. This enabled both club uniforms and school uniforms to 
be included in the data for analysis. This group of photographs is referred to as ‘a mixed 
selection of boat classes’. 
5.6.3 Photographic data from rowing coxed eights boat class  
The second set of photographs to be analysed focused solely on the rowing coxed eights boat 
class (8+) for each school aged group and sex. The rowing 8+ is regarded as the blue ribbon 
class of rowing and is an event where the full school rowing uniform is consistently used. Any 
8+ boat class age group unable to be captured at Regatta B was photographed at the SISS 
regatta. This allowed the school rowers in the U18 category sun protection to be captured for 
analysis. The GU17 8+ boat class event was also photographed at the SISS regatta. At the 
previous regatta, the heats for this event were scheduled for 0726 am when the UVI was less 
than 3. This group of photographs is referred to as the ‘rowing 8+’. 
5.6.4 Analysis of photographic data  
Both the mixed selection of boat classes and the rowing 8+ sets of photographs were viewed 
against a checklist in order to determine the use of caps, visors, bucket hats, sunglasses and 
clothing covering the upper body for each race participant. If, for any reason, protective 
coverage was not clear to the researcher, the photograph was cross checked with a secondary 
photographic database. The publicly available photographs in this database were taken by the 
professional photographer, Steve McArthur of Rowing Celebration, who attended both regattas 











Figure 5.12 Photograph taken adjacent to start line, SISS 2019 (source: Rowing Celebration) 
	
photographic database possible for the analysis. An example of cross checking is provided in 
Figure 5.13. Even when the zoom function was used to enlarge the photograph in Figure 5.13(a) 
(researcher’s own), it was difficult to ascertain for every rower whether or not they were 
wearing sunglasses. Caps are clearly visible, but the use of sunglasses is less clear for the rowers 
and the coxswain who is positioned to face the crew rather than the camera. Rowing Celebration 
have an archive of photographic files grouped by regatta and categorised by school or club. 
Hundreds of professional photographs were able to be accessed from this database in order to 
help identify the crew and cross check sun protection status (see example, Figure 5.13(b)). This 
photograph has the boat numbers (I6 and I7) visible and these were then able to be verified 
against the race day sheet in order to ensure that the correct photograph(s) were used for cross 
checking. The ability of the professional photographer to take close-up photographs of sections 
of crews made identifying the use of sunglasses very accurate. The photograph in Figure 5.13(c) 
shows that both of the coxswains are wearing sunglasses, which was not clear in the photograph 
in Figure 5.13(a). The clothing and type of hat worn by the coxswains are also clearly visible. 
As can be seen in Figure 5.13(d), the last three rowers in the background are not wearing 
sunglasses. These are the last three crew members from the photograph in Figure 5.13(a). 
Details such as the darker red cap worn by the rower in the stern position also help to ensure 
that the correct crew are being identified. If a photograph could not be cross check with a 
professional photo, a second opinion was provided by a second researcher from the same 
research unit. This occurred twice. 
The use of protective clothing was considered separately for coxswains and rowers because the 
uniform requirements for coxswains are different from those required for participants who are 
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physically engaged in rowing. Rowers are required to wear a regulation zootie, whereas 
coxswains are required to wear a life jacket during competition and can choose what clothing 
they wear, based on weather conditions.  
All information collected was recorded anonymously in Excel where frequency and descriptive 
statistics were calculated for the use of visible sun protection in each set of data. The data from 
the GU15 rowing 8+ are included in both sets of analysis. This is because the GU15 8+ were 
selected into the first photographic data set, but as they are an 8+ crew, form part of the second 
set of photograph analyses as well. 
The following series of photographs show how photographic evidence was used to determine 
the use of sunglasses during competition. 
 









Figure 5.13 (c) Example of a photograph used for cross checking sunglass use of coxswains and 





Figure 5.13 (d) Photo used to identify sunglass use of last three rowers in the background (source: 
Rowing Celebration) 
5.7 Summary 
This chapter presents a detailed account of the methods that were developed and executed in 
this research project. It reviews the study population, field work sites and consent processes 
that were required for the collection of dosimeter data. The logistics of dosimeter use and 
analysing UVR data for Aim 1 are then outlined. The use of dosimeters for UVR data collection 
presents a number of challenges and the decisions taken by the researcher in response to these 
challenges are outlined and justified. The chapter then reviews the processes followed to 
generate the photographic databases that were analysed to address Aim 2. The results arising 




 Chapter 6: Results 
The empirical results from the analysis of two primary datasets are presented in this chapter. 
First, to address the objectives related to Aim 1, the dosimeter data analyses are outlined in 
terms of (a) SED per race-time and SED per hour and (b) as a percentage of concurrent ambient 
UVR. Second, to address the objectives related to Aim 2, the results arising from the analysis 
of two photographic datasets are presented by (a) a baseline of visible sun protection practices 
during competition at regattas are collated and presented as frequencies and summary 
descriptive statistics and (b) differences in visible sun protection practices based on age and 
sex.  
6.1 Real time UVR exposure of Otago secondary school rowers during 
competition at regattas (Aim 1) 
The four dosimeters used for data collection were deployed at seven successive rowing regattas, 
six of these were held on Lake Ruataniwha (Regattas A-C, E-G) and one on the Otago Harbour 
(Regatta D). While in the field a range of factors with the potential to compromise data 
collection were encountered and these are taken into account in the data analysis and reporting 
hereafter. Regattas D and E were affected by the weather conditions which resulted in racing 
being abandoned due to wind. In both cases, data collection was cut short when racing ended. 
Regatta B was also interrupted due to wind and, for a short time, the race length was reduced 
so that it began at the one-kilometre mark until the wind subsided at the start line and full length 
races could resume. A technical error in the set-up of the dosimeters resulted in no data being 
collected at another regatta. Five additional local regattas were scheduled to be attended for 
data collection, but in each case either the weather conditions caused them to be abandoned or 
the UVI did not reach the required minimum level of 3.  
6.1.1 Race-time UVR exposure 
The PE recorded by the dosimeters worn by the Otago secondary school students during 66 
competitive rowing races over two consecutive rowing seasons are presented in Table 6.1. 
These are presented as total SED per race-time, as hourly exposure (SED per hour) and as 
percentage of the concurrent ambient UVR for the hour the race took place. The results are 
grouped by regatta and are presented in time order. As PE is a combination of the duration of 
exposure and the UVR level, race-time is also provided. Each set of regatta results is also 
considered separately as UVR exposure dose is also dependent on geography, the weather on 
the day, the time of year and the time of day (which determines the SZA), ozone levels and 
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atmospheric conditions. Each regattas individual race-time SED is considered in relation to the 
daily exposure dose of 1 SED as recommended by ARPANSA as well as the SED known to 
cause just perceptible sunburn in individuals with light coloured skin (Table 6.2). Median SED 
per hour, and the 25th and 75th percentiles of the distribution are also presented (Table 6.3) along 
with similar descriptive analysis for percentage concurrent ambient UVR (Table 6.4).  
6.1.2 Personal UVR exposure expressed in SED 
Although Table 6.1 details the results of all 66 races, the subsequent descriptive analysis include 
only 58 of these due to eight exclusions. Such exclusions include data from two races not 
completed (one boat capsized and one rower went swimming near the start line). It also excludes 
the three races where the rowing zootie straps had been taken down when the dosimeter was 
attached to them, one when the dosimeter was left on the grass at the end of the race and two 
when the dosimeter was covered up by hair or had slipped down the front of the rowing zootie 
(Figure 6.1). The results do include the races where a sleeved top was observed on top of the 
dosimeter when the rower left the boat park. The average race-time per competitor was 42 
minutes on Lake Ruataniwha and 27 minutes for races on Otago Harbour. 
 
Figure 6.1 Returning to the boat park after racing, the dosimeter can be seen to have slipped from 
the horizontal position. The blue ribbon had also come away and is partially covering the 
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The highest total SED in a single race was recorded during Regatta F when a rower left the boat 
park at 1427 hours and returned seventy-three minutes later (3.74 SED). The next highest was 
recorded on the same day (2.82 SED) when the rower was on the water for 41 minutes leaving 
the boat park at 1143 hours. This coincided with high erythemally weighted ambient UVR  
exposure dose measurements around 1200 hours and which remained high, only dropping after 
1300 hours (data from Tara Hills, not adjusted for day light savings, NIWA, Appendix K).  
 
Figure 6.2 SED exposure measured at the shoulder of the rower grouped into SED ranges by 
regatta 
 
The most common UVR exposure measurement recorded was between 1 and 1.9 SED (median: 
1.24 SED) which occurred during 31 race-times (53.4%) (Figure 6.2). Nineteen race-times 
(32.8%) were under 1 SED (median: 0.72 SED) and these included three races where clothing 
was observed on top of the dosimeter when they left the boat park. The remaining 8 race-times 
(13.8%) recorded a UVR exposure dose to the shoulder of the rower between 2.07 and 3.74 
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Table 6.2 Number of races exceeding the ARPANSA recommendation of 1 SED per day and the 
number of races exceeding 1.5 SED 
Regatta Total Number of 
race-times  
≥1 SED 
Number of races 
≥1.5 SED 
A 9 1 
B 4 0 
C 14 5 
D 0 0 
E 4 3 
F 8 5 
Out of a possible 58 races  39 14* 
Percentage (%) 67.2% 24.1% 
*Where 14 is a subset of the 39 (and 24.1% is a subset of 67.2%) 
 
Overall 39 (67.2%) of all individual race-time PE measured by the dosimeter on the shoulder 
of competitors exceeded the daily recommended SED dose of 1 SED (Table 6.2). 
A SED exposure of about 1.5-3 SED produces just perceptible erythema in individuals with 
light coloured skin and the lower parameter (1.5 SED) was exceeded in a single race-time 14 
times (24.1%) rowers competed.250 
6.1.3 Personal UVR exposure expressed in SED per hour 
The highest single PE expressed as a SED per hour occurred at Regatta F. This one race 
recorded 4.13 SED / hour (race length 41minutes) where the rower left the boat park at 1143 
hours. The race-time coincided with the highest ambient UVR period recording of the day 
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start & end 
times 
Lake Ruataniwha 
A (n=11) 1.63 1.44 1.79 44 1001 – 1626 
B (n=12) 0.96 0.74 1.23 47 0910 – 1608 
C (n=17) 1.62 1.43 2.25 45 0956 – 1733 
E (n = 6) 2.40 1.88 2.83 42 1112 – 1315 
F (n=10) 1.82 1.54 2.98 49 1121 – 1730 
Otago Harbour 
D (n = 2) 0.62 0.61 0.63 27 0937 – 1033 
 
6.1.4 Ambient environmental conditions 
The median UVR expressed as a percentage of the total ambient UVR (measured at Tara Hills, 
Central Otago) across regattas at Lake Ruataniwha ranged from 17–35% (Table 6.4). The 25th 
percentile ranged from 13-29% and the 75th percentile ranged from 22-48% concurrent ambient 
UVR.  
Table 6.4 PE measured as a percentage of the concurrent UVR 
Regatta 
(n= number of races 












A (n=11) 35 29 46 1001 - 1626 
B (n=12) 17 13 22 0910 - 1608 
C (n=18) 27 23 39 0956 - 1733 
E (n = 6) 28 26 39 1112 - 1315 
F (n=12) 31 25 48 1121 - 1730 
Otago Harbour   
D (n =2) 






































































































































































































































































































































































































































































































































































































































































































6.1.5 Summary of regatta A 
A summary of the regatta variables is included in Table 6.5. The last time the dosimeter was 
deployed at this regatta recorded the lowest SED per hour of the day and this coincided with 
full cloud cover (Figure 6.3). Nine of the eleven races returned SED values over 1 SED. The 
conditions were mild and overcast and the ambient temperature ranged from 8 – 23°C. It should 
be noted that the warmest part of the day at this regatta fell within the temperature range which 
can be problematic in terms of behaviour and sunburn risk. Australian research found that the 
likelihood of sunburn approximately doubled in certain temperature conditions (19 – 27°C) 
compared with lower and higher temperatures.251,252  
 
Figure 6.3 Photograph taken in the boat park at Lake Ruataniwha at 1602 hours. No blue sky 
observed for most of the day. Example of a rower with zootie straps down (source: researcher’s 
own) 
6.1.6 Summary of regatta B 
The PE of 16 race-times were recorded at this regatta (Table 6.5). The longest period during 




the rower at the start line and during this time the regatta went on hold. Crews waited on the 
water for the wind to abate. The shortest rowing time recorded was 31 minutes when racing 
temporarily started from the 1km mark. The dosimeter got wet twice, once when a rower 
capsized immediately prior to the regatta going on hold and once when a rower went swimming. 
Neither dosimeter could be deployed again at the regatta. The weather at the beginning of the 
regatta was scattered cloud (about 50% blue sky) but deteriorated as the day progressed, 
eventually raining in the late afternoon (Figure 6.4 a, b, c). The highest SED per hour was 
recorded when the rower left the boat park at 1233 hours and was on the water for 41 minutes. 
This dosimeter received 24% of the concurrent ambient UVR and recorded a SED / hour of 
2.08. The effect of wearing clothing on top of the dosimeter is evident in the SED results. All 
four dosimeters were deployed between 0910 and 0930 hours. Two rowers wore warm-up 
clothing on top of the rowing zootie (and dosimeter) when leaving the boat park and returned 
results about half the level of the other dosimeter. The fourth dosimeter had slipped at some 
point and the results were excluded (see section 6.1). 
 





Figure 6.4 (b) above, time of photo 1319, and (c) below, time of photo 1558 (source: all photographs, 
researcher’s own) 
6.1.7 Summary of regatta C 
The dosimeters were deployed 18 times throughout the day. Of the races where PE was recorded 
towards the later part of the day (1632, 1643 and 1652), SED / hour doses of 1.58, 0.75 and 
1.62 were recorded, respectively, indicating that under the clear sky conditions throughout this 
regatta, UVR exposure during a race could be in excess of one SED after 1600 hours (Figure 
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6.5). The measured UVR from Tara Hills shows that the UVR on that day occurred around 
midday, but it was also high for the hour preceding and following that time. Dosimeters were 
attached to rowers between 1153 and 1300 hours. They returned the highest SED results of the 
day (1.84, 2.61, and 2.68). The rower with the lowest recorded SED (about half that of the 
highest) was noted as wearing a long sleeved top when they left the boat park. Two additional 
rowers left the boat park with the dosimeter under a long-sleeved top. The percentage ambient 
UVR in these three instances were (32, 42 and 19% respectively). It is difficult to know at what 
point the rower removed their top, as once they left the boat park the researcher did not see 
them again until they returned after the race.  
 
Figure 6.5 Clear skies for Regatta C (source: researcher’s own) 
6.1.8 Summary of regatta D 
This was the only regatta where dosimeters measured UVR exposure on the Otago Harbour 
(Figure 6.6). The PE during three races was recorded before racing was suspended due to wind. 
These races were 1 km in length. Data from two races returned similar SED per hour (0.64 and 




Figure 6.6 Rower entry point Otago Harbour. Although the skies were clear this regatta was 
abandoned due to wind (source: researcher’s own) 
6.1.9 Summary of regatta E 
The dosimeter was deployed 6 times at this regatta (Table 6.5). Data collection began at 1112 
hours after misplacement of the dosimeters by a courier company (see section 5.3) and, 
unfortunately, was abandoned due to wind in the early afternoon. The last race was recorded 
when the rower left the boat park at 1248 hours. December is a month in which UVR is high in 
Aotearoa and the data that was able to be collected returned some of the highest SED per hour 
values across the dataset (3.57, 2.62 and 2.90). With partial cloud during the data collection it 





Figure 6.7 Overhead conditions during data collection at Regatta E (source: researcher’s own) 
6.1.10 Summary of regatta F 
The regatta had a delayed start time due to poor visibility related to fog on the lake. The first 
rower to wear a dosimeter left the boat park at 1121 hours. A rower trying to be helpful dropped 
a dosimeter in the water and although it was retrieved quickly it was not deployed in the 
remainder of the regatta. This left three dosimeters to record twelve races. Two rowers had a 
dosimeter placed on the shoulder, but were observed taking the straps of their zootie down to 
the waist. In both instances the % ambient recorded was very low (8.7% and 8.6% ambient). 
Three races recorded some of the highest SED per hour results of the research study. In this 
regatta the highest SED was recorded on a rower leaving the boat park at 1143 (4.13 SED per 
hour, 50% ambient UVR). Other high results were recorded from rowers beginning to row to 
the start line at 1225 and 1427 (3.35 and 3.08 SED per hour and 39 and 40% ambient 
respectively). When looking at the recorded UVR data from Tara Hills, UVR peaked for the 
hour from 1200 midday, but high UVR levels were recorded from 1100-1400 hours (Table 6.6). 
This matches the results recorded on the rowers. Light scattered cloud conditions continued 




Table 6.6 The hourly total estimate true (ambient) UVR J/m2 (erythemally weighted) at Tara Hills 
EDR, Fom NIWA UV Atlas 2, 18 January 2020 (daylight saving not accounted for) 
Time Hourly total 


















Figure 6.8 Cloud cover at Regatta F, time of photo 1149 hours (source: researcher’s own) 
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6.2 Use of observable sun protective practices from the mixed selection of 
boat classes dataset (Aim 2, first set of photographs) 
The frequency with which each observable sun protection practice was used by rowers and 
coxswains was calculated and the most common and least common forms of sun protection 
determined. These descriptive statistics were calculated for the use of a cap, visor, bucket hat 
and sunglasses. In the case of coxed boats, coxswains use of headwear and sunglasses was 
included with the rowers but their use of clothing was considered separately. 
6.2.1 Sample demographic characteristics  
Photographic records taken of race events at Regatta B were examined for the use of sun 
protection by 293 individual school-age rowers from a total of 1076 competitors, representing 
a sample of 27.2% of all competitors that day. The events photographed at this regatta are listed 
in Table 6.7. The races were selected from school-age categories (U15, U16, U17, girls(G) and 
boys (B) events) and included those wearing both school and club uniforms.  
Table 6.7 Events included in the mixed boat class photographic record of races 
Rowing event Number of crews 
photographed 
Number of rowers and coxswains 
photographed 
G U172X 19 38 
B U17 2x  19 38 
G U16 2X 19 38 
B U 16 4+ 13 65 
G U15 8+ 10 90 
B U 15 2x 12 24 
Total 92 293 
6.2.2 Headwear  
Among the sample of 293 (166 female and 127 male) school rowers, visible sun protection 
practices were analysed for the use of headwear, including caps, visors and bucket hats. 
Headwear data could not be collected from two coxswains and in these cases headwear was 
recorded as ‘undetermined’. Both cases were in the B U16 boat class and occurred when the 
coxswains were in the bow and lay nearly flat. In each case, the visibility of the head was 
obscured by another rower in the photograph and no alternative photographic evidence was 
able to be drawn upon to supplement the original photograph. Nearly eighty percent (78.2%) 
of the rowers photographed wore some form of headwear. Caps, worn by almost one-half of all 
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rowers included in this analysis, were the most frequently used type of headwear (Figure 6.9). 
Fractionally over one-fifth (21.2%) of rowers did not wear any headwear during race-time. 
 
Figure 6.9 Headwear worn by secondary school rowers during competition (%). 
6.2.3 Distribution of headwear by age and sex 
Photographs were analysed by age group and sex for frequency of headwear use (Table 6.8). 
Among females, a visor was the most frequently worn headwear (51.8%), whereas among 
males it was a cap (70.1%). Caps were also frequently worn by female rowers (33.1%). The 
largest difference between males and females related to the wearing of visors (Figure 6.10) with 
only 3.9% of male rowers wearing one compared with more than one-half of the females 
(51.8%). Bucket hats were worn by only two rowers, both male. In the G U17 age group all 
wore some form of headwear, either visors or caps, with visors being the most frequently worn 
(81.6%). No rowers in the BU15 boat class event wore a visor, but 87.5% wore a cap. A lack 




















































38 7 (18.4) 31 (81.6) 0 0 0 
G U16 
2X 
38 19 (50.0) 17 (44.7) 0 2 (5.3) 0 
G U15 
8X+ 
90 21 (23.3) 38 (42.2) 0 31 (34.4) 0 
Total 
Female 
166 47 (28.3) 86 (51.8) 0 33 (19.9) 0 
B U17 
2X 
38 23 (60.5) 2 (5.3) 2 (5.3) 11 (28.9) 0 
B U16 
4X + 
65 45 (69.2) 3 (4.6) 0 15 (23.1) 2 (3.1) 
B U15 
2X 
24 21 (87.5) 0 0 3 (12.5) 0 
Total 
Male 




293 136 (46.4) 91 (31.1) 2 (0.7) 62 (21.2) 2 (0.7) 
 
 























Age group and sex
Cap Visor No hat Bucket hat Unidentified
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6.2.4 Overall use of sunglasses 
The photographic data were also analysed for the frequency of using sunglasses. Compared 
with hat wearing, it was more difficult to determine whether or not a rower was wearing 
sunglasses because either not all rowers were facing the camera when the photograph was taken, 
or the quality of the photograph did not provide the required detail. Multiple photographs were 
sometimes used to determine whether or not an individual rower was wearing sunglasses (see 
section, 5.6.4). If the sunglasses had been placed on top of a cap at the time when the photograph 
was taken, the individual involved was recorded as not wearing sunglasses and the reason for 
this classification was added to the notes (n=2). Whether or not they were wearing sunglasses 
was not able to be determined for 31 competitors. More than one-half of all rowers in the 
photographs where the use of sunglasses use was able to be determined did not wear sunglasses 
(Table 6.9). 




      n                
Sunglasses No Sunglasses Undetermined 
    n (%)          n         (%)               n     (%) 
GU17  
2X 
38 15 (39.5) 21 (55.3) 2 (5.3) 
GU16 
2X 
38 17 (44.7) 20 (52.6) 1 (2.6) 
GU15  
8X+ 
90 26 (28.9) 55 (61.1) 9 (10.0) 
Total Female 166 58 (34.9) 96  (57.8) 12 (7.2) 
BU17  
2X 
38 14 (36.8) 21 (55.3) 3 (7.9) 
BU16  
4X 
65 27 (41.5) 26 (40.0) 12 (18.5) 
BU15 
2X 
24 7 (29.2) 13 (54.2) 4 (16.7) 
Total Male 127 48 (37.8) 60 (47.2) 19 (15.0) 
Total  
both sexes 
293 106 (36.2) 156 (53.2) 31 (10.6) 
 
6.2.5 Sunglass use by age and sex 
The frequency of wearing sunglasses during competitive rowing was relatively consistent 
between sexes and across the three age categories (Figure 6.11). The age groups with the lowest 




Figure 6.11 Use of sunglasses by age category and sex 
6.2.6 Combined sun protection, by sex 
The type of headwear worn in combination with sunglasses when rowing was analysed (Table 
6.10). More than one-third of rowers wore some form of head wear in combination with 
sunglasses (35.5%) (Figure 6.12). Few solely used sunglasses (2.7%) while nearly one-fifth of 
all rowers wore no form of head wear or sunglasses (17.7%) while competing. The 31 rowers 
for whom sunglass use was undetermined represents 10.6% of the sample. Some of these rowers 
did have headwear but, because their use of sunglasses was undetermined, this could not be 
included in either the ‘just headwear’ or ‘headwear and sunglasses’ categories, and therefore 
remained as ‘undetermined’. 























Figure 6.12 Percentage of all rowers choice of head and eye sun protection combined. 
6.2.7 Other clothing  
The wearing of clothing, such as sleeved tops under or on top of the rowing zootie, was also 
recorded from the photographs taken at the start line. Only 4 male rowers out of 127 wore 
clothing with sleeves, three with long-sleeved tops and one short-sleeved top under their rowing 
zootie (Figure 6.13). No female rowers were observed at the start line wearing clothing with 
sleeves.  
The dataset for coxswains is small as there were only two coxed events in the list of races 
photographed (B U16 4X+ and G U15 8X+). A total of 21 coxswains were observed for clothing 
worn. As described earlier, some boats were bow coxed. For two of the coxswains it was 
impossible to accurately determine and record the clothing that was being worn, so it was 
recorded as ‘undetermined’. Sometimes the head wear of a coxswain was obscured by a rower 





































Figure 6.13 B U16 4X+ (bow coxed) showing one rower with a short sleeved top under the zootie. 
Coxswain’s clothing also visible despite the coxswains headwear not being able to be determined 
(source: researcher’s own) 
6.3 Use of observable sun protective practices from rowing coxed eight boat 
classes dataset (Aim 2, second set of photographs) 
In addition to the mixed selection of boat classes for photographic analysis, the same frequency 
analysis was also undertaken of rowing 8+ boat crews from each school aged category.  
6.3.1 Sample demographic characteristics 
A total of 423 rowers (47 crews) were photographed across four age categories (U15, U16, U17 




Table 6.11 Boat class (event) included in photographic record of races for 8+ 
Rowing event Number of crews 
photographed 
Number of rowers and 
coxswains photographed 
Girls U15 8+ 10 90 
Boys U15 8+ 5 45 
Girls U16 8+ 4 36 
Boys U16 8+ 5  45 
Girls U17 8+ 5  45 
Boys U17 8+ 
Girls U18 8+ 







Total 47 423 
6.3.2 Headwear 
The visible sun protection practices of 225 female and 198 male school rowers was analysed 
for use of headwear which included caps, visors and bucket hats. One rower wore a cap back 
to front and was counted as not wearing a hat and four coxswains were recorded as 
‘unidentified’ for both type of headwear and for use of sunglasses as they were not visible in 
the photograph. The most frequently observed form of headwear was a cap, which was worn 
by over one-half of the rowers (57.7%). No bucket hats were observed and approximately one-
fifth of rowers wore no hat at all (20.3%).  
6.3.3 Headwear by age and sex 
Photographs were analysed by age group and sex for frequency of headwear (refer Table 6.12; 
Figure 6.14). Caps were the preferred headwear for both females and males (52.9% and 63.1%, 
respectively). One-third of females also wore a visor and 13.8% used no form of headwear. 
Few males chose to wear a visor (7.1%), but those who did were all in the U17 age category. 
Over one-quarter of all males wore no headwear (27.8%). The age group most likely not to 




Table 6.12 Headwear by age and sex 






No hat Undetermined  
  n (%) n (%) n (%) n (%) 
Girls U18 54 36 (66.7) 18 (33.3) 0  0  
Girls U17 45 36 (80.0) 8 (17.8) 1  (2.2) 0  
Girls U16 36 18 (50.0) 17 (47.2) 1 (2.8) 0  
Girls U15 90 29 (32.2) 32 (35.6) 29  (32.2) 0  
Total Female 225 119 (52.9) 75 (33.3) 31  (13.8) 0  
Boys U18 54 48 (88.9) 0  6  (11.1) 0  
Boys U17 54 29 (53.7) 14 (26.0) 10  (18.5) 1 (1.9) 
Boys U16 45 31 (68.9) 0  13  (28.9) 1 (2.2) 
Boys U15 45 17 (37.8) 0  26  (57.8) 2  (4.4) 
Total Male 198 125 (63.1) 14 (7.1) 55  (27.8) 4  (2.0) 
Total both sexes 423 244 (57.7) 89 (21.0) 86  (20.3) 4  (0.9) 
 
 























Cap Visor No Hat Undetermined
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6.3.4 Overall use of sunglasses 
The photographic records were analysed for the frequency of using sunglasses. Over one-half 
of the competitors wore no sunglasses (57.4%) whereas one-third did wear sunglasses (32.4%) 
(Table 6.13). For the remainder of competitors, the use of sunglasses was undetermined 
(10.2%). Three competitors were wearing sunglasses up on top of their headwear at the time of 
the photograph and were recorded as not wearing sunglasses. More females wore sunglasses 
than males (Figure 6.15). 
 




















Sunglasses No sunglasses Undetermined
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Sunglasses No Sunglasses Undetermined 
n (%) n (%) n (%) 
GU18 8+ 54 19 (35.2) 31  (57.4) 4 (7.4) 
GU17 8+ 45 26 (57.8) 14 (31.1) 5 (11.1) 
GU16 8+ 36 19 (52.8) 13 (36.1) 4 (11.1) 
GU15 8+ 90 26 (28.9) 55 (61.1) 9 (10.0) 
Total 
Female 
225 90 (40.0) 113 (50.2) 22 (9.8) 
BU18 8+ 54 8 (14.8) 41 (75.9) 5 (9.3) 
BU17 8+ 54 13 (24.1) 33 (61.1) 8 (14.8) 
BU16 8+ 45 18 (40.0) 23 (51.1) 4 (8.9) 
BU15 8+ 45 8 (17.8) 33 (73.3) 4 (8.9) 
Total Male 198 47 (23.7) 130 (65.7) 21 (10.6) 
Total both 
sexes 
423 137 (32.4.) 243 (57.4) 43 (10.2) 
 
6.3.5 Combined sun protection by sex 
Nearly one-third of rowing 8+ competitors wore a combination of headwear and sunglasses 
while competing (32.8%) (Table 6.14 and Figure 6.16). Wearing only sunglasses was 
uncommon (2.6%) and 14.9% wore neither hat nor sunglasses. 





Figure 6.16 Rowing 8+ observed use of hat and eye protection combined 
6.3.6 Other clothing  
Few rowers chose to wear clothing in addition to their zooties. One BU16 8+ crew had three 
rowers wearing sleeved clothing. Two wore short sleeved tops on top of the rowing zootie and 
one wore a long-sleeved top. The coxswain was not visible in the photograph. In the BU18 8+ 
boat class, one other rower competed in a short-sleeved top worn under the zootie. No females 
were photographed wearing sleeved clothing while at start line. 
Coxswains clothing was analysed as a group. Of the 47 coxswains in the 8+ boat class, only 
one coxswain did not wear a sleeved top. This coxswain was observed wearing their zootie 
underneath the lifejacket suggesting that they might have been a rower filling in as a coxswain. 
Most coxswains wore long-sleeved tops (n=33) (Figure 6.17) and the remainder wore a short-
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Figure 6.17 Example of a coxswain wearing a long sleeved top under the lifejacket, SISSC 2019 
(source: Rowing Celebration) 
6.4 Summary 
This chapter reports the empirical findings from the analysis of 66 dosimeter readings and the 
analysis of the two photographic databases. The analysis of the data from the dosimeters 
provides detailed insights into the PE of secondary school rowers. The key findings were that 
a single race-time exposure measured by the dosimeter on the shoulder of the rower exceeded 
a daily dose of 1 SED 67.2% of the time. Nearly a quarter (24.1%) of individual race-times 
recorded SED measurements that could cause perceptible erythema in individuals with light 
coloured skin. These results indicate that rowing is a high UVR exposure sport. The analysis of 
the two sets of photographs revealed clear patterns of use of headwear, sunglasses and clothing. 
Most notably the youngest secondary school rowers were the least protected. A culture of cap 
wearing appears to be well established within the rest of the study population. Females 
demonstrated a propensity to wear visors and males a cap although caps were also commonly 
observed with females. One-fifth of all rowers wore no headwear (21.2% in the mixed selection 
of boat classes and 20.3% in the rowing 8+datasets). Sunglasses were worn by over one-third 
of rowers (38.6% in the mixed boat classes and 34.0% in the rowing 8+ datasets). However, 
one-fifth of all rowers in the mixed selection of boat classes wore no headwear or sunglasses. 
The number of rowers in the rowing 8+ group without headwear or sunglasses was 14.1%. 
Coxswains were well protected with headwear, sunglasses and clothing but less than 1% of 
rowers competed with clothing under their rowing zooties. The following chapter presents an 
integrated discussion of these findings before conclusions are drawn.  
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 Chapter 7: Discussion and Conclusions of secondary school 
rowers during their competitive racing events at regattas 
The aims of this study were, first, to quantify the real time UVR exposure experienced by 
secondary school rowing students during competitive rowing regattas using dosimeters and, 
second, examine their visible sun protection practices, including the use of headwear, 
sunglasses and clothing. In this chapter the key findings of the research will be discussed in the 
context of the existing scientific literature. Specific attention will be paid to the two study aims 
which will be addressed in relation to new knowledge emerging from this research. Before 
conclusions are drawn, the strengths and limitations of the research will be considered, as will 
avenues of future research that might usefully build upon the contributions offered in this thesis. 
7.1 Aim 1: The UVR exposure of secondary school rowers during 
competition  
Sunlight is ubiquitous in outdoor contexts and the PE dose of people who spend time outdoors 
can build up through the day to a cumulative dose that can cause skin damage. Thus, Aim 1 
required the quantification of real-time UVR exposure experienced by secondary school rowers 
during competition to determine if race-time UVR exposure exceeded 1 SED per race 
(Objective 1.1(a)), or if the doses identified were in excess of this and could cause skin damage 
(Objective1.1(b)) To the best of my knowledge, this study was the first in Aotearoa to measure 
PE of participants in a summer sport setting, the first to measure UVR exposure during 
organised secondary school competitive sport, and the first to measure real-time PE among 
participants in the sport of competitive rowing.  
7.1.1 The UVR exposure of rowers measured in SED  
The dosimetry results indicate that rowing is a high UVR exposure sport, and that a single race-
time UVR exposure (based on measurements taken by electronic dosimeters affixed to clothing 
on the shoulders of rowers) can, on occasion, be high enough to cause sunburn in individuals 
with light coloured skin. Race-time in this study includes all of the time spent on the water in 
order to compete in one specific rowing race (see section 5.5.4). As expected, there are large 
variations in the PE dose per race, within and across regattas (see section 5, Table 6.1). This is, 
largely, because data were collected at different times of day, over periods of several months 
under different atmospheric conditions and varying levels of cloud cover. 
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The combined data from all of the regattas show that 67.2% of race-times resulted in UVR 
levels that exceeded the ARPANSA recommendation of a maximum of 1 SED per day, and 
approximately one-quarter (24.1%) of individual race-times exceeded the higher limit of 1.5 
SED. The highest SED recorded was 3.74 and, although no other event exceeded the 1.5 to 3 
SED range in a single race, four other race-times returned SED results at or between 2.56 and 
2.82 SED. The present study was restricted to measuring PE during the time spent on the water 
in order to compete in a single rowing-race. The median UVR exposure measured on the 
shoulder of the rower for an average length total race-time of 42 minutes was 1.14 SED across 
the study. Individual rowers, however, routinely participate in three, and sometimes more 
competitive races per day at regattas.253 Furthermore, additional incidental UVR exposure 
inevitably occurred throughout the day, that is, before, between and after competition races. 
Accordingly, the single race-time exposures measured in this study form only part of the 
cumulative dose that an individual participant would have received over the course of one day. 
With 67.2% of individual race-times exceeding 1 SED, the expected daily UVR exposure dose 
is likely to be high. Unless competition is interrupted (e.g., by adverse weather), secondary 
student rowing regattas take place over two consecutive days of competition. This is important 
because skin takes time to recover from sun exposure and to eliminate mutated cells or repair 
DNA. The extent of this accumulated damage from one race-time and ultimately from 
consecutive days of rowing will depend on individual susceptibility.39 
Published dosimetry studies have measured daily UVR exposure in SED and, although there 
are no other examples of studies measuring UVR exposure during summer sports competition 
in Aotearoa, there are other dosimeter studies involving school children. One such study 
investigated the UVR exposure of 360 school children in Aotearoa using electronic dosimeters 
pinned to the lapel of clothing over a week.143 This study reported a median daily exposure 
between 7am and 8pm of 0.63 SED. In another study of school children, the median daily PE 
was 1.7 SED.10 This later study took place in Queensland, Australia in the summer months and 
geographical differences will go some way in explaining the differences between the results of 
the two school children studies. In addition, differences in study design make comparisons 
difficult and caution should be exercised when comparing different studies, including those that 
vary in terms of duration of exposure. It does, however, seem clear that UVR exposure during 
a single rowing race is high relative to school children’s total daily UVR exposure in Aotearoa. 
Given the cumulative effective of multiple rowing races, their total exposure is also almost 
certain to exceed that of the total daily exposure reported for Queensland school children.  
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Two other notable dosimetry studies from Aotearoa include one measuring the PE received by 
three different groups of outdoor workers in Central Otago and one measuring personal 
exposure while skiing.203,204 In the occupational study, the mean total daily exposure was 5.3 
SED ascertained from dosimeters pinned to outer clothing on the scapular. This study found 
that all workers PE exceeded the occupational limits equivalent of about 1.08 SED per day.203 
Spring skiing exposure was also measured from lapel badges of two skiers over one day (10.6 
and 19.7 SED respectively). Unlike rowers, the skin exposure of skiers is usually limited to the 
face. The higher PE probably reflects differences in the UVR environment, particularly the 
albedo properties of snow, but also the increase in ambient UVR that occurs with increasing 
altitude. 
Two of the six regattas attended during the field work conducted for the present study occurred 
under clear sky conditions during the months of peak UVR in Aotearoa (Regatta E, December 
and Regatta F, January). The combined results from these two regattas show that 12 (75.0%) 
of the 16 individual race-times recorded a UVR exposure dose greater than 1 SED. 
Furthermore, half of the race-times recorded an SED over the higher limit of 1.5 SED, 
indicating that the overall median result in this study would have been considerably higher if 
regattas A and B had also occurred under clear sky conditions. The two lowest measurements 
(0.14 SED and 0.4 SED) were recorded during races at Regatta B where there was complete 
cloud cover. The lowest SED related to an individual rower who had a sleeved top covering the 
dosimeter, showing how effective clothing can be at reducing UVR exposure. The second 
lowest SED measurement was recorded from a rower who was leaving the boat park when light 
rain was falling. Six of the other lowest recordings were also from this regatta.  
It is important to note that about half of the ambient daily UVR exposure dose occurs within 
one and a half hours of solar noon.254 The regattas held on Lake Ruataniwha attract large 
numbers of competitors, sometimes exceeding 1000 rowers. Racing usually begins early, 
continues throughout the day and ends in the late afternoon or early evening. Regatta F includes 
UVR measurements from race-times during the latter part of the afternoon. The SED results on 
this day, from rowers who left the boat park at 1550 and 1637 hours were 0.93 and 0.86 SED, 
respectively. This indicates that despite rowing outside of the peak UVR hours, PE can still be 
considerable and contribute important amounts to the total cumulative UVR exposure dose 
received for that day. An Australian study also found that playing golf in the later part of the 
afternoon in summer can result in PE at a level where sun protection is required. The PE for 
two players during a golf round taking between 2 and 2.5 hours in the afternoon (1500-1730 
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hours) measured at three body sites, the forearm, the upper back and the vertex returned median 
results of 1.4, 2.2 and 3.2 SED respectively from two players.234 
The effect on PE of scheduling competition early in the day can be seen in a study measuring 
the PE of runners. In a comprehensive study undertaken in South Africa, part of the study 
reported results from two marathon runners in the same race with the same length of 
exposure.229 A total SED of 0.0620 and 0.0819 was reported. The running took place early in 
the morning (0600-1000 hours) when UVR is, typically, low. The dosimeter in this study was 
attached to the upper arm of the runner and a limitation noted was that there was shade along 
the running route. In the current study, three rowers left the boat park at or before 0930 hours 
during the same regatta. Two of the results were compromised as clothing was observed 
covering the dosimeter as rowers left the boat park. Despite the use of clothing in two of the 
races, these three races returned higher SED results (0.14, 0.56 and 1.03) than the South African 
marathon runners. The SED results reflect the lower ambient UVR levels early in the day in 
both studies. Many studies recommend that athletes schedule their training outside of peak 
UVR periods and that competition during this time is limited in order to avoid high ambient 
UVR.211,230,232 Given the sheer number of competing crews involved in large rowing regattas, 
and the number of races to be completed during the regatta schedule, it is unfeasible to try and 
avoid peak UVR times as a strategy to limit the UVR exposure of competitors. This places 
more emphasis therefore on the need to use other forms of sun protection such as headwear and 
sunglasses. 
Using dosimetry, extreme UVR exposure has been documented in outdoor sports, such as 
triathlon and cycling.240,233 In a study involving three athletes competing in the Kona Ironman 
World Championships (Hawaii), the mean PE recorded on the back was 20.8 SED.237 These 
athletes were competing continuously for long periods of time (between 8.43 and 9.44 hours). 
This time frame is much longer than the average total race-time recorded on Lake Ruataniwha 
of 42 minutes on the water. Given the inherent difficulties that come with making comparisons 
between different dosimetry studies, it is more appropriate to conclude in this instance, that 
competing in both rowing at Lake Ruataniwha and the Ironman triathlon in Hawaii can result 
in high UVR exposures and that in such environments sun protection should be considered a 
necessity. The same conclusion can be drawn from a study of cycling in Valencia where the 
mean daily UVR exposure of cyclists was 16.2 SED over 4.08-7.72 hours of exposure.233 
PE during the sport of rowing has, however, been considered theoretically. Rowing was one of 
33 sports that were modelled to estimate the potential PE of gold medallists at the Tokyo 
Olympics which were scheduled to begin in July 2020 before the Covid-19 pandemic forced 
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their postponement.255 Rowing was not estimated to be one of the top three sports for high and 
most harmful UVR exposure. Those sports were woman’s singles tennis, men’s golf and the 
men’s cycling road race.255 The estimated rowing PE was much lower than these three sports, 
but this was mainly because the Olympic schedule for rowing single skulls (the event chosen 
in the study) was scheduled for early in the day and this factor, combined with the relatively 
short duration of rowing events, resulted in relatively low estimates of PE. Only the actual race 
was included in the analysis and four races are required to win a gold medal (an estimated 32 
minutes of total exposure). 
7.1.2 The UVR exposure of rowers measured in SED per hour  
Five of the seven regattas recorded median SED per hour above 1.5 SED. For five of the six 
regattas at Lake Ruataniwha the 25th percentile of the distribution also exceeded 1 SED. The 
75th percentile results for all six Lake Ruataniwha regattas ranged from 1.23 SED per hour for 
Regatta B, when it rained, to 2.83 SED at Regatta E, where data collection was cut short due to 
wind. The peak UVR hours for Regatta E were 1200-1400 hours and two competitors with 
dosimeters were on the water during this time. These results indicate that there is the potential 
for competitors with unprotected light-coloured skin to receive sufficient UVR to cause 
erythema.  
The PE results are, however, lower than those reported from one study in which the PE levels 
during several different sports were considered. Polysulphone dosimeters were placed in 
various anatomical positions, including the shoulder for the practice of tennis, sailing and golf, 
and levels ranged from 3.5-5.4 SED per hour.240 In another study, the UVR exposure of 
teenagers playing tennis was measured using electronic dosimeters.230 This study recorded SED 
values that are more aligned with those of the rowers, namely,1.21 and 1.77 SED per hour, 
measured at a site on the head. 
7.1.3 The UVR exposure of rowers measured as a percentage of concurrent 
ambient erythemally weighted UVR received  
The percentage of ambient UVR exposure is often reported in studies that measure PE. Solar 
UVR can reach a person directly from the sun overhead, as scattered UVR from the sky, and as 
reflected UVR - in the present study from the water and the boat. The diffuse reflectance of 
open water (from large lakes, rivers and the ocean) has been reported in the order of 20%.33 
However, personal UVR exposure not only depends upon the ambient UVR, but also on the 
fraction of ambient exposure received at different anatomical sites (this is in addition to the 
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influence of individual behaviour and duration of exposure). The percentage of concurrent 
ambient UVR was calculated for all rowing race-times based on the exposure recorded by the 
dosimeter on the shoulder of the rower and the data provided by NIWA from the nearby Tara 
Hills monitoring site. The median ambient UVR exposure for the Lake Ruataniwha regattas 
ranged from 26-34%. The two PE measured on the Otago Harbour were much lower at 14%, 
which is similar to that recorded in the South African running study (17%).229 Dosimetry studies 
measuring PE during sport report wide ranges of percent ambient UVR. The sports of tennis 
and golf have been reported in some studies as 87 and 67%, respectively, while other studies 
have reported tennis ranging from 20 to 72%.195,230  
7.2 Aim 2: Use of headwear, sunglasses and clothing during competition  
The PE dose received by individual rowers is influenced not only by the environment they row 
in but also by behavioural factors.152 The second aim of this thesis addressed individual 
behaviour, specifically the use of physical barriers, including headwear, sunglasses and 
clothing. Providing a baseline of current observable sun protection practices and determining 
preferences for the use of headwear, sunglasses and clothing (Objective 2.1) and any differences 
based on age and sex among secondary school rowers (Objective 2.2) were the primary 
objectives of this second aim.  
7.2.1 Use of headwear during competitive rowing  
The analysis of photographic data confirmed that wearing headwear during competitive rowing 
is an established social norm with more than three-quarters of all rowers in each group (mixed 
boat classes and rowing 8+) choosing to wear some form of headwear (78.2 and 78.7% 
respectively). The wearing of headwear during a rowing race may, primarily, be a practice that 
is adopted to provide relief from the glare of the water surface. Less than 1% of competitors, 
however, were observed wearing a bucket hat, which protects the ears, cheeks, and neck in 
addition to the forehead, nose and eyes. Very low use of sun protective headwear by teenagers 
is consistent with other studies in Aotearoa. Only 3.0% of secondary students were observed 
wearing a sun protective hat at athletics days and 4.3% of children from the ‘Kids Cam’ data 
wore sun safe hats.131,249 It must be noted that the predominant forms of headwear observed in 
this thesis were caps and visors, neither of which are considered to be SunSmart headwear by 
Cancer Council Australia, the Cancer Society NZ, or the equivalent American, Canadian, and 
Irish cancer-related organisations.184,185,256-258 
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7.2.2 Rowers competing with no headwear  
Although adopting headwear as part of the school rowing uniform appears to have been 
normalised, one-fifth (21.2% of rowers in the mixed boat classes and 20.3% of rowers in the 
rowing 8+ group) were observed wearing no headwear at all. Given the heavy burden of UVR 
usually received by the head, the high UVR environment of rowing and the length of exposure 
(day long rowing regattas) this is of considerable concern.  
The youngest school rowing age group for females (GU15) were the most likely not to wear 
headwear in the mixed boat class group (34.4%). For males, the non-wearing of a hat was more 
evenly distributed across the age bands. The younger age groups were also the most likely not 
to wear headwear in the rowing 8+ group (BU15, 57.8%; BU16, 28.9%; and GU15, 32.2%). 
Among competitors in the mixed boat classes, 36.7% of females and 22.8% of males wore no 
headwear. This pattern is reversed in the rowing 8+ group, with females and males observed 
without headwear 13.8% and 27.8% of the time respectively. It appears that the younger age 
groups are more likely to demonstrate low compliance with hat wearing than the other age 
groups. The best opportunity to reduce sun exposure through the use of headwear in rowers 
would, therefore, appear to lie with the youngest age groups of competitors. Establishing 
uniform hat wearing among both female and males when they begin to row should go some 
way to help reduce the overall number of rowers without head protection during competition. 
It is difficult to draw comparisons with other studies due to inconsistencies in age group 
classification and type of hat considered to be sun safe. In an Australian study where teenagers 
use of sun protection was assessed using telephone interviews following a public holiday, 38% 
of respondents wore some form of headwear but only 5 % wore a wide brimmed hat.242This 
study highlighted the difference in levels of protection between adolescents and adults rather 
than comparing age groups within the adolescent years.242 
7.2.3 Type of hat and sun protection provided 
Of the three types of headwear observed (bucket hats, caps and visors) bucket hats are 
considered to be the most sun protective compared with caps and visors as they offer better sun 
protection to the neck, ears and cheeks (all common sites for KC) than caps and visors (Figure 
7.1). However, caps were the most frequently used type of headwear across both the mixed boat 
classes and rowing 8+ (46.4% and 57.7% respectively) for all competitors. Caps were the 
predominant choice of headwear among males in the mixed boat classes group, with 70.1% 
observed competing in a cap. Females were observed wearing a visor more frequently than a 
cap (51.8% compared with 28.3%). In the rowing 8+ group caps predominated and were the 
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most common choice among both female and male rowers (52.9% and 63.1% repsectively). 
Cap wearing is a practice that is well established in the culture of rowing. 
 
Figure 7.1 Caps leave the ears and neck exposed to the Sun, as seen in this photo, Regatta A 
(source: researcher’s own) 
 
A cap with a 10 cm frontal brim pulled down low has been shown to be effective at protecting 
the eyes and nose.152 Given that the nasal area receives the highest SED of all facial zones and 
that UVR has the potential to cause cortical cataracts and pterygium, caps in the sports setting, 
if used in conjunction with sunscreen on remaining exposed areas, may be an effective 
compromise, providing sun protection that, importantly, is seen as socially acceptable to 
teenagers. 259  
7.2.4 Headwear preferences by sex 
The major differences in headwear between the sexes were found to be related to the use of 
visors (Figure 7.2). Female rowers preferred to wear a visor, possibly to accommodate longer 
hair compared with most male rowers. In the photographs of the mixed boat classes, males wore 
a visor 3.9% of the time compared to 51.8% for females. The difference was less dramatic in 
the rowing 8+ group of photographs. Visors offer the least protection in terms of sun safety as 
there is also the potential for sunburn on the scalp, in particular, along the hair parting for some 
individuals. With few males choosing to wear a visor and evidence that females do wear caps, 




Figure 7.2 Rowers from the same squad, both with long hair, but wearing different types of 
headwear, Regatta F (source: Rowing Celebration) 
7.2.5 Use of sunglasses alone or in combination with headwear during 
competition 
A similar pattern emerged across both the mixed boat classes and the rowing 8+ groups with 
regard to the use of sunglasses. Approximately one-third of rowers were observed wearing 
sunglasses, which is higher than among the Australian teenagers observed in and around aquatic 
environments (15%).153  Some difficulties were experienced when trying to verify, from 
photographs, the wearing of sunglasses. Among both the mixed and rowing 8+ groups this was 
undetermined for about 10% of competitors. Even if all of these were counted as wearers, the 
number of rowers wearing sunglasses would be less than half, overall.  
Twice as many females than males wore sunglasses during rowing 8+ events, but this pattern 
was not observed in the mixed boat classes where nearly equal percentages of females and 
males wore sunglasses (34.9% and 37.8% respectively). Other studies have shown sunglass 
wearing to be more common among teenage females than males.158 The wearing of sunglasses 
was not always uniform within crews and even when sunglasses were available they were not 
always worn (Figure 7.3). Solely wearing sunglasses was, however, uncommon in both the 
mixed boat class and rowing 8+ groups (2.7% and 2.6% of rowers, respectively). 
Wearing headwear without sunglasses occurred about one-third of the time in both the mixed 
boat classes and the rowing 8+ groups (33.4 and 39.2%, respectively). The combination of a 
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cap and sunglasses was twice as common as the combination of a visor and sunglasses. 
Although the level of UVR, and especially UVB with its shorter wavelengths, varies throughout 
the day, people are largely unaware of the changes as humans are unable to feel or see UVR 
(unless they have a condition called aphakia). A hat with a brim will help to shield the eyes 
from UVR when the sun is overhead, but wrap-around sunglasses are needed to shield the eyes 
when the sun is lower in the sky. Competitors will be aware of the associated ‘discomfort glare’ 
and this may be why about one-third of rowers already choose to wear sunglasses.33 Sunglasses 
have also been normalised by elite rowers with many observed competing internationally 
wearing wrap-around sunglasses. There were no large differences across the age groups with 
regard to sunglass use.  
 
Figure 7.3 Only one rower was observed wearing sunglasses as eye protection, but all rowers were 
wearing clothing on top of their rowing zooties, Regatta C (source: Rowing Celebration) 
7.2.6 Use of clothing during competition 
Only four rowers (all male) were photographed wearing clothing under their rowing zooties on 
the start line ready for competition. Short-sleeved tops under rowing zooties are seen at some 
international rowing regattas (World Championships) so this behaviour is not unprecedented. 
Despite this, it is not part of the rowing culture at school regattas at Lake Ruataniwha. There 
were many examples of crews wearing their rowing zooties half down (Figures 7.4a, 7.4b, 
67.4c).  
In all but one case, coxswains were observed wearing either short or long-sleeved clothing 
under their lifejackets. This behaviour probably has more to do with keeping warm on the water 
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than with sun protection, but the photographic data indicate that coxswains are well protected 
with headwear, sunglasses and clothing. 
 a  b 
 c 
Figure 7.4 (a) Rowers showing their propensity to remove the rowing zootie after racing, Regatta 










Figure 7.5 (b) long sleeved clothing worn during the South Island Secondary Schools Rowing 




It appears that some schools are either better equipped with clothing or place more emphasis 
on wearing clothing than other schools. There were many examples of schools observed leaving 
the boat park with sleeved clothing (Figures 7.5 a and b).  
7.3 Opportunities for public health measures to be implemented 
Rowing requires both aerobic and anaerobic capabilities in combination with high levels of 
strength. In addition to the physical benefits of rowing there are many social benefits associated 
with the sport. Keeping adolescents actively involved in sport is recognised as an important 
strategy for adolescent wellbeing.260 Sun exposure during outdoor sport is inevitable and the 
dosimeter results (Aim 1) confirm that a single rowing race-time at Lake Ruataniwha can result 
in UVR exposure high enough to cause sunburn in individuals with light coloured skin. The 
results also indicate that even on overcast days the cumulative UVR damage to unprotected 
skin and eyes is sufficient to warrant sun protection. Rowing is a sport that begins in the high 
school years and participants should, ideally, be able to experience all of the benefits 
commensurate with this unique sport without the harm associated with overexposure to UVR. 
“Bottom line” uniform requirements in sports usually extend to the use of protective equipment 
or in the case of rowing to water safety. Basketball New Zealand, for instance, have a mouth 
guard policy for player welfare that is based on scientific evidence.261 The adoption and 
implementation of mouth guard ‘rules’ in this sport followed analysis of Accident 
Compensation Corporation claims data relating to injuries sustained while playing basketball. 
Mouthguard wearing was also made compulsory during competitive rugby for all players at the 
under 19 level and below in 1997.262 The policy was then extended for all grades of domestic 
rugby in 1998 and greater powers of enforcement were provided to referees in 2003. New 
Zealand Football requires coaches to ensure that appropriate protective equipment is worn (e.g. 
shin pads) and protective equipment for goal keepers is mandatory.263 Indeed, most sports have 
well developed policies that either require or recommend the use of equipment or clothing to 
protect both the short-term and long-term health of participants. Cricket Australia has 
mandatory protective equipment such as helmets for injury prevention, but also has a long term 
approach to player welfare with its sun protection policy. Traditional uniforms in this sport have 
included long pants and collared sleeved tops which provide good skin protection, but it wasn’t 
until recently that references to sun hats, sunglasses and sunscreen have become part of the 
routine discussion for this sport.  
This thesis contributes to the evidence-base supporting the sport of rowing. It shows (a) how 
exposed young people are to detrimental levels of UVR and (b) that there is considerable room 
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for improvement in the use of headwear, sunglasses and clothing in order to demonstrate a 
commitment to a long-term approach to secondary school competitive rower safety. This would 
require the development of best practice guidelines informed by science. Rowing New Zealand, 
the national administrative organisation, could inform schools of their uniform expectations 
(e.g. the promotion of bucket hats or caps with complementary sunscreen and sunglasses and 
the wearing of sleeved tops to the start line and phasing out the use of visors). This may be 
sufficient, given the proportion of rowers observed who already used headwear, sunglasses and 
clothing on top of the rowing zootie to the start line. It will be important that sun protective 
measures are promoted for all races to ensure eyes are protected noting that the peak times for 
damage to the eyes and skin are different. Secondly, the environment is such that the cumulative 
damage to skin warrants sun protection even when the UVI is under three.  
The creation of a sun-safe environment for secondary school rowers has the potential to reduce 
over exposure to UVR and therefore reduce levels of sunburn, intermittent and cumulative 
damage to skin and eyes among competitors. Being sunburnt occurs more frequently in aquatic 
environments and when people are outside for lengthy periods and both of these factors are 
relevant to rowing regattas.159 A higher frequency of sunburn events is associated with a greater 
risk of melanoma in later life. Sun protection measures are least likely to be practiced and 
sunburn is most likely to occur during the teenage years.61,62,157,264 The intermittent (weekend) 
sun exposure which occurs at rowing regattas is a pattern of exposure that is also associated 
with the development of melanoma and BSC.12 The most frequently sunburnt areas of the body 
are the head, neck and shoulders - all of which are, typically, exposed during rowing.156,159 
Early adoption of the wearing of sunglasses has been shown to prevent cataract formation and 
is likely to improve ocular health in other areas too.97 
Currently, responsibility for sun protection lies either with schools or the rowers themselves. 
The photographic data (Aim 2) show that about 20% of high school students compete with no 
observable sun protection, such as headwear or sunglasses. The youngest rowing competitors 
have the lowest levels of protective headwear use and this age group is an obvious starting point 
for sun protection interventions in this setting. Caps are the preferred choice of headwear, when 
any is worn, and visors are almost exclusively associated with female rowers. Sunglasses are 
worn by about a third of all competitors and the most popular combination of observable sun 
protection was the combination of sunglasses and a cap. This baseline data is promising and 
indicates that sun protection has already been normalised for a considerable proportion of 
school aged rowers. This is important because the behaviours of adolescents are to a 
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considerable extent shaped and influenced by what is considered to be acceptable among their 
peer group.160  
The challenge, therefore, is to shape social norms so that more secondary school rowers use 
sun protection. Two conceptual models for public health programmes, the Ottawa Charter for 
Health Promotion and the Haddon Matrix (Chapter 2) were used to structure and guide this 
thesis. These complementary models reinforce that any programme aimed at shaping the social 
norms of teenagers in sun protection will need to be multi-dimensional. Using UVR and photo 
damage to skin and eyes as an example of  ‘injury’, the Haddon Matrix was initially used to 
identify key factors that plausibly contribute to the development of skin cancer and UVR related 
eye conditions. Four areas of importance were identified; the physical and social environments, 
protective products and personal attributes. The results from Chapter 5 are now related to the 
Ottawa Charter for health promotion to highlight possible interventions to improve the use of 
‘protective products’ (headwear, sunglasses and clothing) by secondary school rowers during 
competition. Other possible protective interventions based on observations made during data 
collection are also included. 
7.4 Applying the results to the Ottawa Charter for health promotion 
Creating supportive environments which facilitate higher levels of engagement in sun 
protective behaviours through policy development is seen as a crucial step to improving 
outcomes in this area (Figure 7.7).130 De-emphasising the existing focus on individual schools 
or teenager responsibility for sun protection is pivotal. This has been successfully achieved by 
Surf Life Saving New Zealand and Surf Life Saving Australia - the national administrations of  
both have adopted sun protection policies for their respective sporting organisations. For 
lifesavers this has included the use of sun safe hats, long sleeved shirts and shade shelters while 
on patrol. Dobbinson et al. (1999) showed evidence of marked improvements in lifesavers’ 
levels of sun protection, and enhanced perceptions of lifesavers as role models of sun protection 
practices.265 Cricket Australia has a SunSmart policy which applies not only to players but to 
employees, umpires, selectors and other personnel. Cricket Australia and Surf Life Saving 
Australia have been able to implement sun protection policies for a number of reasons. The 
combination of sponsor requirements and high profile cases of participants with skin cancer in 
these sports contributed to support for policy changes. These two sports have demonstrated a 
strong commitment to the long-term (life-long) health of their administrators and participants. 
In Aotearoa, Surf Lifesaving NZ has also adopted a sun protection policy.  
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There are a number of advantages to having policy in place, including the potential for 
improving the collective wellbeing of the greater rowing community, as rowing regattas involve 
large numbers of volunteers, officials and spectators. Evidence based policy will also inform 
any arguments regarding potential conflict between vitamin D needs and sun protection.266  
Although the focus of this thesis is limited to personal sun protection measures (headwear, 
sunglasses and clothing), an effective sun safe environment will require other aspects of sun 
protection to be addressed. For example, sustainable changes to the physical environment will 
enhance any efforts to improve behavioural changes. Currently, tents are widely used by school 
rowing squads to provide shade to rowers between races. Schools were also observed utilising 
existing shade from trees surrounding the lake and from buildings in the boat park during the 
course of this research (Figure 7.6). Interestingly, planning and consultation regarding the 
removal of invasive exotic trees in the riparian margin of Lake Ruataniwha is in progress. 
Forward planning will be necessary to ensure the opportunity for sustainable shade 
development in the future is not lost. Giving youth a voice to participate in the decision making 
process about sun protection at school regattas is also likely to improve the effectiveness of 
policy implementation. Finally, rowing coaches exert considerable influence on rowing squads. 
Including a compulsory sun protection module as part of the coaching education programme is 
likely to improve compliance with any sun protection policies and would highlight the need for 
coaches to ensure rowers, especially junior rowers, wear their headwear and sunglasses during 
competition as part of their uniform irrespective of the UVI. 
 
Figure 7.6 Competitive rowers utilising the shade provided by the numbers hut building in the 

















The UVR measurements recorded by the dosimeter on the shoulder of rowers cannot be 
extrapolated to an average UVR exposure of rowers competing in Aotearoa. The results are 
specific to the site, day and time of recording. It would be expected that these results will be 
lower than those received at more northerly rowing venues, such as Karapiro (37.9687°S, 
175.6576°E), as ambient UVR increases with increasing proximity to the equator. Nor do UVR 
measurements recorded by the dosimeters placed on shoulders represent what exposure other 
body areas may receive. It was not possible to ensure that the dosimeter on every rower was 
positioned exactly horizontal on the shoulder and the orientation of the dosimeter relative to the 
sun was different in every race. In addition, the line taken to the start of the race by rowers and 
the race lane, were different for each race, and this, too, affected the orientation of the dosimeter 
to the sun and would have contributed to the variability of results. 
The wearing of headwear when a dosimeter was in use was not recorded. Shading of the 
dosimeter by the head or headwear was observed and in these instances the level of UVR 
recorded by the dosimeter would have been reduced. Once a dosimeter was attached to a rower 
and they rowed out of the boat park, there was no opportunity to record if or when clothing was 
removed or put on top of a dosimeter. Clearly there is variation in the dosimeter dataset based 
on factors that could not be controlled, such as the route and duration of boats travelling from 
the boat park to the start line, and the locations where rowers queue before moving to the start 
line. These inescapable realities notwithstanding, the dosimeter data provides comprehensive 
scientific insights into the UVR exposure of competitive secondary school rowers. The delay 
to the commencement of field work caused by the consent process meant that field work was 
required over two seasons instead of one. This resulted in less time for analysis of the results 
and required the dosimeters to be recalibrated but did allow for more race-times to be included 
in the overall dataset. 
 
The research budget allowed four dosimeters to be purchased and all were used on rowers 
during regattas. Percentage ambient UVR is best calculated using data from a dosimeter placed 
on a horizontal surface at the study site. This study, however, used UVR measurements 
recorded by NIWA at Tara Hills, a site 22 km away from the rowing venue at Lake Ruataniwha. 
It is unlikely that atmospheric conditions at the lake and at the Tara Hills site where the NIWA 
instruments are housed were consistently identical. For the one regatta in Dunedin the UVR 
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measurements were taken in Musselburgh, a suburb adjacent to the harbour on which the regatta 
was taking place and are more likely to accurately reflect the atmospheric conditions on the day 
at the site of data collection. Variability in ozone thickness between regattas is not considered 
as part of this research and as ozone levels influence UVR at the Earth’s surface it may 
contribute to the variability in PE between regattas. There may also have been performance 
limits associated with each electronic dosimeter although they were calibrated before the 
beginning of each rowing season. Less data was collected than planned due to adverse weather 
conditions. 
The photographic data were unable to capture what clothing was worn to the start line as crews 
were photographed as they approached the start line or were ready for racing. There was no 
analysis of the size of the brims on any of the headwear, the UPF rating of clothing or the 
quality of sunglasses as the research was limited to use of visible sun protection. One rower 
was observed wearing a cap backwards and this was recorded as not wearing headwear. 
Although wearing a cap backwards provides no protection to the face it does provide protection 
to the back of the neck but this was not considered to be within the scope of this research. The 
use of sunscreen and accounting for skin type were also outside the scope of the research. 
7.6 Strengths 
This study was the first of its kind in Aotearoa. It was designed to measure both the real time 
UVR exposure during competitive rowing and the use of headwear, sunglasses and clothing 
during competition. It provides sport specific information that can be utilised to inform future 
youth skin cancer prevention programmes. A strength of this study is that it provides insights 
into the pattern of UVR exposure across the rowing season under various cloud conditions and 
across the hours of the days during which racing took place. The number of race-times for 
which dosimetry data is available is large compared to most international dosimetry studies in 
the area of sport and PE. 
The photographic data sets not only provide a baseline of current use of headwear, sunglasses 
and clothing, but were comprehensive enough to provide specific information about the use of 
sun protective equipment based on age and sex which can be used to target interventions. In 
addition, any future skin cancer prevention interventions will be able to replicate this part of 
the study methods to monitor and evaluate change in rower practices from the baseline 
established in this analysis. 
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7.7 Opportunities for future research 
This thesis builds on a limited platform of research in the international context and opens up 
various avenues of future research. It would be timely for social scientists to take up this line 
of inquiry by critically exploring the views of teenage rowers on sun protection. Giving youth 
a voice in their future health is important and the success or otherwise of sun protection 
interventions will be shaped by the views of the target demographic. A social science study that 
examines changes in rowing uniforms over time and the use of sun safe clothing would be 
useful to inform whether or not the setting of minimum standards for sun safety are required. 
Historical photographic databases held by provincial rowing organisations may provide a 
valuable starting point for such research. There is currently a great deal of variety in the length 
of rowing zooties and the skin coverage they provide with large arm cut outs and low scooped 
yokes being common. A study that examines the evolution of sports uniforms over time, 
something, that occurred rapidly in the sport of Surf Lifesaving, would also usefully add to 
existing knowledge.  
Similar dosimeter studies for daily exposure in the rowing context and for other competitive 
summer sports in Aotearoa, particularly those that intuitively have a high UVR exposure 
profile, such as Waka Ama, would further address the knowledge gap identified in the literature 
review presented in this thesis. All of this work should be underpinned by a comprehensive and 
analytical understanding of the true public health costs associated with skin cancer in this 
country. These lines of research, when drawn together, would build capacity in skin cancer 
prevention on both a practical level and for advocacy purposes in Aotearoa. Unlike in Australia, 
where the economics of skin cancer are thoroughly researched, the public health costs and 
benefits of cancer prevention remains a gap in knowledge in Aotearoa that must be addressed. 
7.8 Concluding statement 
This thesis contributes new knowledge to the study of UVR exposure and selected skin cancer 
mitigation practices of secondary school competitive rowers. The results presented in this thesis 
could be a catalyst for positive change in skin cancer prevention in the high UVR sport of 
rowing. Best practice guidelines could be developed based on these results, which clearly 
indicate the importance of the use of either bucket hats or caps with sun screen and sunglasses. 
These combinations that provide important sun protection to the head and eyes would, if worn 
by all competitors, reduce the UVR exposure dose received by rowers during competition. The 
use of visors for comfort should not cloud the fact that visors offer only limited sun protection. 
Wearing sleeved clothing to the start line would also reduce the overall UVR exposure dose 
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received by rowers and this could also be included in the development of best practice 
guidelines. Best practice guidelines would build on current efforts within rowing to reduce harm 
from UVR exposure, including the use of awnings on safety boats and sun protective uniforms 
for national rowing umpires. It is important that any sun protection measures implemented by 
sports organisations are not counterproductive by creating a barrier to continued participation. 
Attrition rates in sport are highest in the transitional years of adolescence.260,267 For this reason, 
it is crucial that youth rowers have a voice in the development of any sun protection guidelines, 
procedures or policies.  
It has been noted that Cricket Australia and Surf Life Saving Australia are examples of two 
sports that have successfully developed and implemented policies to promote awareness and 
require the use of sun safety practices among participants and others involved in their sports, 
such as umpires. These measures highlight the need for sports administrators to demonstrate a 
duty of care for not only the obvious short-term health risks posed by their sports, but also the 
long-term health of their athletes. In Aotearoa, such interventions have also been successful 
implemented by Surf Lifesaving New Zealand. It is important that other sports organisations 
recognise all of the short and long-term health risks that may arise in their sports, and respond 
proactively. While this research contributes directly to this end in the case of rowing, it also 
highlights the need for similar studies that investigate the UVR profile and the potential long-
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Appendix B – Email to Principals 
 
Cancer Society Social and Behavioural Research Unit 
Department of Preventive and Social Medicine 
PO Box 56, Dunedin 9054, New Zealand 
Tel +64 3 479 7177 · Email SBRU@otago.ac.nz 
www.otago.ac.nz/SBRU 
 
Kia Ora  (principals name) 
 
I am emailing you as a school that offers rowing as part of its school sports programme. Over 
the summer sports season ahead I will be conducting data collection as part of my masters. 
This research will measure for the first time in NZ the actual UV radiation exposure 
secondary school rowers receive during racing. 
 
Over the course of the coming months I will be attending regattas leading up to but not 
including Maadi. Once ethical approval  from the University of Otago is received I hope to be 
communicating directly with coaches and sports coordinators and then with parents and 
students as required by the University. 
 
Rowing Otago and a number of coaching staff have had the opportunity to provide feedback 
and have been very supportive of the proposed research.  I have attached a draft of the 
information sheet for your information. Please don’t hesitate to contact me by return email if 
you have any concerns or questions. My supervisor can also be contacted by 
email louise.marsh@otago.ac.nz. 
 
















Cancer Society Social and Behavioural Research Unit 
Department of Preventive and Social Medicine 
PO Box 56, Dunedin 9054, New Zealand 
Tel +64 3 479 7177 · Email SBRU@otago.ac.nz 
www.otago.ac.nz/SBRU 
 
The Ultraviolet Radiation (UVR) Environment and Sun Protection at Secondary School Rowing Regattas 
in Otago. 
Information Sheet for Participants 
We would like to invite students intending to row for their school to participate in a study about UVR 
exposure and sun safety during racing throughout the 2018/2019 rowing season. If you would like to 
participate thank you.  If you choose not to take part there will be no disadvantage to you. Thank you for 
taking the time to consider our request. 
What is the Aim of the Project? 
The project has two main aims: 
1) To measure, for the first time in New Zealand, the amount of sun exposure secondary school 
rowers receive during a race.  
2) To observe sun protective practices. 
 
What Types of Participants are being sought? 
All registered rowers representing their school in Otago have been asked to participate.   Only four 
dosimeters (see below) are available for the study, so only a few students will get the opportunity to wear 
a dosimeter at a regatta. No data will be collected on Finals Day.  Participation is being sort from the whole 
squad as rowing positions are competitive and crews change throughout the season. 
What will students be asked to do? 
Only rowers in the stroke position and single scullers will be asked to participate in the first part of the 
study.  These rowers will be asked to wear a dosimeter which will be attached to the left shoulder strap of 
their zootie. This will begin when the students go to pick up their boat for competition and will be removed 
when boats are returned to the boat park/handed over to the next crew. These are light weight (26 grams) 
round instruments about the size of a wrist watch. Pretesting will be carried out to ensure dosimeters do 
not interrupt/hinder the rowing action in anyway.  
For the second part of the study, photographs of crews on the start line of the most popular events 
(determined by number of entries) for both males and females will be taken from a public viewing point at 
the start of races. Data will not be identifiable to individuals. Once analysis is completed all photographs 









What data or information will be collected and what use will be made of it? 
The dosimeters will measure the amount of real time UVR experienced by the rower.  The UVR will be 
recorded at eight second intervals and an average total race UVR will be calculated.  
At major regatta(s) at Ruataniwha, the rowing event with the most crews entered (female and male) crews 
will be photographed on the start line and viewed later against a check list of sun protective practices by 
two people.  All information collected will be anonymous and no information will be collected at the 
individual level. 
The data are being collected to provide an understanding of the UVR environment rowers experience and 
to gain an insight into the sun protection used during competition. The results may be used to inform the 
development of sun protection guidelines in secondary school sport. 
The data collected will be securely stored in password protected computer files and in locked filing 
cabinets.  Only the research team will be able to gain access to it. All of the data being collected will be 
anonymous. Anonymous data obtained as a result of the research will be kept for at least 5 years in secure 
storage after which it will be destroyed. This is a requirement of the University’s research policy. 
Additional photos showing the position on the body of the dosimeter and crews rowing maybe taken to 
illustrate the project.  In this case permission for use at presentations will be sought from the school, the 
coach and the individuals involved.   
Can participants change their minds and withdraw from the project? 
Your school or individual rowers may withdraw from the project at any time without any disadvantage to 
yourself of any kind. 
 
What if Participants have any Questions? 





      
 
This study has been approved by the Department stated above. However, if you have any concerns about 
the ethical conduct of the research you may contact the University of Otago Human Ethics Committee 
through the Human Ethics Committee Administrator (ph +643 479 8256 or email gary.witte@otago.ac.nz). 
Any issues you raise will be treated in confidence and investigated and you will be informed of the 
outcome. 
 
Linda Buxton (Researcher) 
Cancer Society Social & Behavioural 
Research Unit 
Department of Preventive &Social 
Medicine 
Ph 0278 406 806 
linda.buxton@otago.ac.nz 
 
Dr Louise Marsh 
Cancer Society Social & Behavioural 
Research Unit 
Department of Preventive & Social 
Medicine 










The Ultraviolet Radiation Environment and Sun Protection at 
Secondary School Rowing Regattas in Otago. 
 




I have read the Information Sheet concerning this project and understand what it is about.  All 
my questions have been answered to my satisfaction.  I understand that I am free to request 
further information at any stage. 
I know that:- 
1. My participation in the project is entirely voluntary; 
 
2. I am free to withdraw from the project at any time without any disadvantage; 
 
3. Individual race UVR measurements and photos will be destroyed at the conclusion of the 
project but any raw data on which the results of the project depend will be retained in 
secure storage for at least five years; 
 




.............................................................................   ............................... 
       (Signature of participant)     (Date) 
 
............................................................................. 











You are receiving this email as the parent of a rowing student.  Your child may have received 
information about the research and a consent form from the school already. If your child is 16 years 
or younger the researcher requires your permission before your child can be included in the study. 
 
Coaching staff and your school are fully informed about the research. 
 
In summary, your child may be invited to wear a 26 gram dosimeter about the size of a wrist watch 
tied to the rowing zootie. It measures natural UV radiation from the sun and does not cause any 
harm to the wearer. No research will be undertaken during Finals at Ruataniwha. You may withdraw 
your child from the study at any time without disadvantage. Rowing Otago and a number of 
coaching staff have had the opportunity to provide feedback and all of these support the research. 
Coaches and schools can also withdraw a crew from the study. 
 
The attached Information Sheet explains more fully what the research is about. 
 
Study name: The Ultraviolet Radiation (UVR) Environment and Sun Protection at Secondary School 
Rowing Regattas in Otago. 
I have read the Information Sheet concerning this project and understand what it is about.  All my 
questions have been answered to my satisfaction.  I understand that I am free to request further 
information at any stage. 
I know that: 
 
1. My child’s participation in the project is entirely voluntary; 
 
2. I am free to withdraw my child from the project at any time without any disadvantage; 
 
3. Individual race UVR measurements and photos will be destroyed at the conclusion of the 
project, but any raw data on which the results of the project depend will be retained in 
secure storage for at least five years. 
 







I do not give permission for my child to take part in this research:  















Cancer Society Social & Behavioural Research Unit 
Preventive and Social Medicine 
University of Otago | Te Whare Wānanga o Otāgo 
Tel /Waea 03 479 7177 
Web www.otago.ac.nz/sbru 
 
Adams Building, 18 Frederick Street, Dunedin | Ōtepoti 
PO Box 56, Dunedin 9054 







Appendix F – Parent Information Sheet 
  
 
Cancer Society Social and Behavioural Research Unit 
Department of Preventive and Social Medicine 
PO Box 56, Dunedin 9054, New Zealand 
Tel +64 3 479 7177 · Email SBRU@otago.ac.nz 
www.otago.ac.nz/SBRU 
The Ultraviolet Radiation (UVR) Environment and Sun Protection  
at Secondary School Rowing Regattas in Otago. 
Information Sheet for Parents 
 
You are receiving this email because your child is involved in rowing. All students intending to row 
for their school have been asked to participate in a study about UVR exposure and sun safety 
during racing throughout the 2018/2019 rowing seasons. Rowing Otago and rowing coaches who 
attended the meeting in August have had an opportunity to provide feedback on the study. 
What is the Aim of the Project? 
The project has two main aims: 
1) To measure, for the first time in New Zealand, the amount of sun exposure secondary 
school rowers receive during a race.  
2) To observe sun protective practices. 
What Types of Participants are being sought? 
All registered rowers representing their school in Otago have been asked to participate.   Only four 
dosimeters (see below) are available for the study so only a few students will get the opportunity 
to wear a dosimeter at a regatta. No data will be collected on Finals Day.  Participation is being 
sort from the whole squad as rowing positions are competitive and crews change throughout the 
season. 
What will students be asked to do 
Only rowers in the stroke position and single scullers will be asked to participate in the first part of 
the study.  These rowers will be asked to wear a dosimeter which will be attached to the left 
shoulder strap of their zootie. This will begin when the students go to pick up their boat for 
competition and will be removed when boats are returned to the boat park/handed over to the 
next crew. These are light weight (26 grams) round instruments about the size of a wrist watch. 
Pretesting will be carried out to ensure dosimeters do not interrupt/hinder the rowing action in 
anyway.  
For the second part of the study, photographs of crews on the start line of the most popular 
events (determined by number of entries) for both males and females will be taken from a public 
viewing point at the start of races. Data will not be identifiable to individuals. Once analysis is 
completed all photographs will be destroyed.  
What data or information will be collected and what use will be made of it? 
The dosimeters will measure the amount of real time UVR experienced by the rower.  The UVR will 
be recorded at eight second intervals and an average total race UVR will be calculated. At major 







will be photographed on the start line and viewed later against a check list of sun protective 
practices by two people.  All information collected will be anonymous and no information will be 
collected at the individual level. 
The data are being collected to provide an understanding of the UVR environment rowers 
experience and to gain an insight into the sun protection used during competition. The results may 
be used to inform the development of sun protection guidelines in secondary school sport. 
The data collected will be securely stored in password protected computer files and in locked filing 
cabinets.  Only the research team will be able to gain access to it. All of the data being collected 
will be anonymous. Anonymous data obtained as a result of the research will be kept for at least 5 
years in secure storage after which it will be destroyed. This is a requirement of the University’s 
research policy. 
Additional photos showing the position on the body of the dosimeter and crews rowing maybe 
taken to illustrate the project.  In this case permission for use at presentations will be sought from 
the school, the coach and the individuals involved.   
Can participants change their minds and withdraw from the project? 
Individual rowers may withdraw from the project at any time without any disadvantage of any 
kind. Coaches can also request a crew to be withdrawn from the project.  As a parent you can also 
have your child withdrawn from participating in the research with no disadvantage. Please email 
either of the researchers listed below, or the Cancer Society Social & Behavioural Research Unit: 
sbru@otago.ac.nz with the name of your child and the school they row for. 
What if Participants have any Questions? 







This study has been approved by the Department stated above. However, if you have any concerns 
about the ethical conduct of the research you may contact the University of Otago Human Ethics 
Committee through the Human Ethics Committee Administrator (ph +643 479 8256 or email 
gary.witte@otago.ac.nz). Any issues you raise will be treated in confidence and investigated and 
you will be informed of the outcome. 
Linda Buxton (Researcher) 
Cancer Society Social & Behavioural 
Research Unit 
Department of Preventive &Social 
Medicine 
Ph 0278 406 806 
linda.buxton@otago.ac.nz 
 
Dr Louise Marsh 
Cancer Society Social & Behavioural 
Research Unit 
Department of Preventive & Social 
Medicine 




Appendix G - Rowing Terminology  
 
 
The diagram above is of a rowing 8+, a sweep boat for eight rowers plus a coxswain. The seat 
numbers are counted up from the bow to the stern. The bow seat is one followed by numbers 
two through to seven. The number eight is at the stern end of the boat. The eight seat is also 
referred to as the ‘stroke’ seat. 
 
Bow 




The stern is the rear of the boat and is the direction that the rowers are facing. 
 
Bow Number 
This is a card attached near the bow that identifies which lane the crew is assigned to. It is a 
white waterproof card with a letter and number in black. 
 
Coxwain (sometimes shortened to cox) 
This is the person who steers the shell (boat) and coaches for the crew while competing in a 
sweep boat 
 
The Rowing Stroke 
The term stroke is the stern most rower in the boat who is responsible for setting the stroke 
rating / rhythm in a race. 
 
Types of Rowing 
In sculling events each rower uses two oars (one in each hand). In sweep events, each rower 
uses an oar and is paired with another rower of the opposite side. Sweep boats usually have a 
coxswain. Pairs and fours however can be coxless 9without a coxswain). 
 























































Appendix K – Hourly Total Estimated (ambient) UVR dose 
as provided by NIWA 
